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ABSTRACT 


The  SEATIDE  Analysis  Process  is  a semi-automated 
procedure  for  the  generation  of  time-phased,  high  value  cruise  missile 
weapon  systems  concepts,  together  with  the  supporting  technology  and 
intelligence  indicators  which  would  reflect  that  these  technological  goals 
are  being  achieved.  The  SEATIDE  process  can  also  be  used  to  evaluate 
the  effectiveness  of  fixed  force  levels,  existing  forces  in  SAL  environ- 
ments, or  Naval  defenses. 

The  Defense  Intelligence  Agency,  through  its  Directorate 
of  Estimates,  and  The  Advanced  Research  Projects  Agency  (ARPA)  have 
sponsored  the  development  of  this  computer  based  analysis  at  the  weapon 
system  and  Naval  force  structure  level.  A previous  process,  RIPTIDE, 
was  developed  for  DIA  for  use  in  analysis  of  strategic  missile  systems. 

Generic  to  the  SEATIDE  Analysis  Process  are  three 
major  computer  models:  The  Naval  Engagement  Model  (NEM),  Cruise 
Missile  Concept  Generation  and  Screening  Model  (CM-CGSM)  and  Relative 
Worth  Model  (RWM).  The  NEM  evaluates  force  effectiveness,  tactics,  and 
task  force  configurations;  the  CM-CGSM  enables  definition  and  selection 
of  candidate,  advanced  cruise  missile  system  concepts:  and  the  RWM  per- 
mits assessment  of  worth  in  accordance  with  a variety  of  objective  and 
subjective  criteria.  Each  of  these  models  has  been  checked  out  by  DIA. 

In  addition  to  exercising  the  computer  models,  there  are 
several  other  analytical  and  engineering  tasks  to  be  performed,  e.  g.  , the 
identification  of  areas  of  current  interest  and  the  associated  criteria  and 
potential  concepts,  the  creation  of  a foreign  technology  data  bank  in  a 
format  needed  by  the  computer  models,  the  engineering  of  concepts  to 
the  required  detail,  and  the  use  of  a verification  analysis  loop. 
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3. 


CGSM  TCflP  LEVEL  FLCJW 


The  CGSM  top  level  flow  is  diagrammed  in  Figure  II- 10.  The 
use  and  functional  steps  of  the  CGSM  are  as  follows 

(a)  The  user  selects  sets  of  basic  variables  and  NAMELIST 
constants  defining  the  payload,  wings,  tails,  inlets,  air- 
frame, propulsion  system,  and  trajectory  profile. 

(b)  Baseline  worth  and  worth  derivatives  are  computed  from 
output  of  the  Naval  Engagement  Model  (NEM)  and  are 
input  along  with  the  data  in  (a). 

(c)  The  CGSM  sizes,  designs,  and  packages  the  propulsion 
systems,  payload,  aerodynamics,  and  control  surfaces 
to  determine  concept  total  weight.  The  model  then  flies 
the  missile  through  the  required  trajectory  profile  to 
compute  its  overall  range  and  cruise  range.  Next  the 
CGSM  logic  computes  relative  worth  of  the  concept. 

(d)  The  CGSM  stores  selected  data  for  each  concept  as  it 

is  generated,  and  retrieves  those  data  during  the  screen- 
ing step.  The  model  screens  all  concepts  to  dominance 
levels  using  relative  worth  versus  relative  cost. 

During  the  CGSM  generation  steps,  all  basic  variables,  and  furthermore, 
all  candidate  concepts  which  pass  certain  built-in  performance  and  sizing 
constraints,  are  considered  to  be  of  equal  credibility.  However,  the 
CGSM  method  of  using  all  permutations  of  the  basic  variables  set  may 
result  in  some  mismatches  of  design  or  performance  parameters;  that 
is,  may  result  in  some  non-optimum  configurations.  There  is,  then, 
a need  to  screen  the  generated  configurations  and  isolate  those  which 
dominate,  or  which  best  satisfy  mission  and  design  objectives. 
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3 . 1 Executive  Methodology 

The  CGSM  executive  logic  links  together  the  major  design, 
sizing,  and  performance  models  by  coordinating  all  their  input,  output, 
and  internal  communication  requirements.  The  executive  includes  many 
special  purpose  steps  such  as  worth/cost/screening  operations,  basic 
variable  selection  logic,  and  booster  iteration  logic  steps. 

3.  2 Cost  and  Worth  Methodology 

The  Naval  Engagement  Model  (NEM;  see  Volume  IIA)  computes 
Red  versus  Blue  kill  for  selected  scenarios.  The  CGSM  user  reduces  the 
kill  data  to  baseline  worth  and  to  tables  of  worth  with  respect  to  cruise 
missile  design/performance  parameters.  CGSM  worth  parameters  in- 
clude accuracy  (CEP),  maximum  range,  force  size,  flight  reliability, 
warhead  weight,  cruise  phase  range/ altitude /velocity , and  run-in  phase 
range/altitude/velocity.  Worth  for  each  generated  missile  concept  is 
computed  in  the  WORTH  module  using  the  relationship: 

6 

w = w + > A w 

CONCEPT  BASELINE  Z-#  i 

i=l 

t h 

where  4W.  is  the  change  in  worth  with  respect  to  the  i parameter. 
This  "relative"  worth  is  computed  for  each  missile  during  concept  gene- 
ration and  is  used  to  screen  the  various  configurations. 

Relative  cost  of  each  missile  concept  is  computed  in  the  Relative 
Cost  Model  (RCM).  The  RCM  computes  RDT&E  cost,  first  unit  produc- 
tion cost,  and  total  cost. 

Concept  screening  is  executed  by  the  SCJRT  CM  module  in  terms 
of  relative  worth  versus  cruise  missile  cost.  Concepts  are  sorted  into 
dominance  levels  and  are  arranged  in  order  of  increasing  cost  within  a 
given  level. 
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AERODYNAMICS  METHODOLOGY 


i 


3.  3 

The  Aerodynamics  Model  is  designed  to  provide  the  aerodynamic 
parameters  required  by  the  CGSM  for  the  general  solution  to  the  cruise 
missile  synthesis  problem.  The  coefficients  required  for  performance 
analysis  (C^,  C^)  are  the  primary  output;  however,  certain  elements  of 
the  pitch  and  roll  characteristics  of  the  configuration  are  also  computed  in 
the  model.  Basic  force  coefficients  and  pitch  plane  aerodynamic  derivatives 
are  computed  as  a function  of  vehicle  geometry,  flight  conditions,  and 
center  of  gravity  location.  Force  coefficients  (C  , C^)  are  required  for 
mission  performance  analyses  in  the  Vehicle  Performance  Model. 

The  model  computes  aerodynamic  coefficients  of  each  element  of 
the  configuration  and  combines  these  elements  along  with  appropriate 
interference  factors  into  a description  of  the  complete  configuration 
aerodynamics.  Component  drag  coefficient  is  computed  as  a function  of 
both  Mach  number  and  altitude,  because  of  the  dependency  of  skin  friction 
drag  on  altitude,  while  curve  slope  is  computed  as  a function  of  Mach 
number  only.  The  general  procedure  for  this  is  diagrammed  in  Figure 
11-11.  The  analysis  is  limited  to  the  linear  angle -of -attack  region,  to  Mach 
numbers  from  0 to  5.  0,  and  to  altitudes  below  100,  000  feet.  Component 
drag  is  compiled  from  skin  friction  drag,  nose  pressure  drag,  afterbody 
pressure  drag,  base  drag,  wing/tail/inlet  drag,  and  induced  drag.  Lift 
is  compiled  from  nose  and  cylindrical  section  lift,  boattail  lift,  wing/ 
tail  lift,  and  inlet  lift. 


II-  16 


SECTION  III 


CGSM  INPUTS 

1. 0 INPUT  DATA  DESCRIPTION 

Input  to  the  CGSM  consists  of  a punched-card  deck  containing  a 
mixture  of  formatted  data  tables  and  NAMELIST  lists.  This  section  discusses 
sach  table  and  NAMELIST  list,  defines  all  list/table  items,  and  discusses  list 
options  and  applications. 

Formatted  input  falls  into  two  types.  A formatted  "basic  variables" 
table  is  provided  to  allow  synthesis  of  multiple  missile  designs  in  a given  CGSM 
case.  As  few  as  1 or  as  many  as  16  values  can  be  input  through  that  table  for 
as  many  as  17  basic  variables,  and  a missile  will  be  synthesized  for  each 
permutation  of  the  sets.  If  a single  value  is  input  for  each  basic  variable, 
the  CGSM  will  synthesize  a single  missile  for  each  case.  Basic  variables  are 
useful  in  generating  data  for  trend  analysis.  A second  type  of  formatted  data 
input  is  provided  for  convenience  in  loading  ramjet  inlet  maps  and  ramjet 
fuel  decks.  Those  data  tables  may  be  loaded  as  NAMELIST  data  (see  Section  3.  10) 
below  or  as  formatted  decks. 

NAMELIST  input  to  the  CGSM  is  grouped  according  to  function  to 
reduce  the  size  and  complexity  of  the  data  deck.  NAMELIST  input  variables 
have  prestored  values  which  will  be  used  unless  the  variables  are  referenced 
in  the  input  deck.  A supervisory  NAMELIST  (SUPER)  is  provided  to  ease 
input  requirements  for  stacked  cases.  That  list  contains  a number  of  frequently- 
changed  variables  from  all  synthesis  specialty  areas. 

The  CGSM  executive  is  programmed  to  accept  the  data  tables  and 
NAMELIST  lists  in  any  order  within  the  card  input  deck  for  a given  case. 

That  self-loading  feature  is  based  on  input  of  a unique  "ZIP  code"  control 
card  with  each  table  or  list.  That  ZIP  code  is  tested  in  the  executive  and 
used  to  route  to  the  READ  statements  required  for  each  table  or  NAME1  1ST. 

The  complete  set  of  ZIP  codes  is  presented  and  defined  in  Figure  III  - 1 . The 
cards  are  formatted  as  follows: 
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FIGURE  m-1  (CONTINUED) 


Column 


Parameter 


1-4 

"ZIP"  must  be  punched  in  columns  1-3 
with  column  4 blank  (A4). 

5-10 

These  columns  contain  the  actual  ZIP 
code  (312). 

11-20 

Auxiliary  control  variable  used  to  control 
input  of  inlet  and  fuel  decks  (110). 

21-40 

Specialized  control  parameters  not  used 
in  the  CGSM  (415). 

41-80 

Optional  comment  space  (10A4). 

Labeling  and  classification  cards  are  provided  as  input  for  each 
case.  The  classification  card  is  used  to  input  a message  which  is  printed 
at  the  top  and  bottom  of  each  page  of  printed  output.  The  labeling  card  is 
used  to  input  a message  which  is  printed  at  the  top  of  each  page  of  printed 
output.  Those  cards  have  the  following  format: 


Column  Parameter 

1 Blank  (IX) 

2-80  Classification  or  labeling  message  (19A4,  A3) 

During  CGSM  execution,  functions  assigned  to  a specific  ZIP  code 

are  initiated  as  soon  as  that  ZIP  card  is  executed,  and  those  are  completed  before 
another  ZIP  card  is  considered.  The  sequence  of  ZIP  and  data  cards,  then, 
determines  the  order  of  execution  of  the  problem.  A typical  data  deck  is 
illustrated  on  Figure  III —2,  and  contains  the  following  card  sets: 


Set  A 


Set  B 


The  first  card  of  each  data  deck  is  always  a security 
classification  card.  Data  punched  in  the  80  columns 
of  this  card  are  printed  at  the  top  and  bottom  center 
of  each  printed  output  page  during  execution.  This 
card  must  also  follow  each  ZIP  1 card. 

The  second  card  of  each  data  deck  is  called  the 
PCODE  card  and  is  used  to  label  the  problem. 

Data  punched  in  the  80  columns  of  this  card  are 
printed  at  the  top  of  each  printed  output  page  during 
execution.  The  PCODE  card  is  also  updated  after 
each  ZIP  1 command.  If  columns  1 through  4 are 
left  blank,  the  card  image  print  of  the  input  deck 
is  suppressed. 
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CGSM  DATA  DECK  SETUP 


CLASSIFICATION  CARD 


Set  C 


The  third  and  succeeding  cards  of  the  data  deck 
include  all  NAMELIST  input  lists  (except  SUPER), 
a basic  variables  list,  and  tabular  data.  Each 
input  data  list  must  be  preceeded  by  its  appropriate 
ZIP  code  card.  The  order  in  which  these  lists  are 
input  may  be  varied. 

Set  D A single  ZIP  card  followed  by  the  SUPER  NAMELIST 

list  initiates  concept  generation.  A compatibility 
matrix  may  be  inserted  after  the  ZIP  card  but 
before  SUPER. 

Set  E A single  ZIP  card  followed  by  the  NAMSCR  NAMELIST 

list  initiates  concept  screening. 

Set  F Multiple  cases  may  be  executed  in  a single  problem. 

Card  sets  C through  E are  repeated  for  each  case 
as  required.  Cards  A and  B are  also  required  if  a 
ZIP  1 is  used. 

Set  G A ZIP  10  card  terminates  the  J(5B  when  all  problems 

are  completed. 

All  tables  and  NAMELIST  lists  are  defined  in  this  section.  A basic  variables 
table  and  SUPER  NAMELIST  are  required  for  all  cases,  regardless  of  the 
availability  of  prestored  data.  All  other  lists  are  required  only  if  their  pre- 
stored data  are  unacceptable.  Certain  lists  are  required  only  if  specialized 
options  are  requested. 

Input  requirements  are  heavily  dependent  on  propulsion  system 
type.  Available  sustainer  types,  and  optional  boosters  available  for  each 
sustainer,  are  shown  on  Figure  III  - 3. 

Liquid  and  solid  rocket  sustainer  fuel  data  may  be  changed,  to 
accommodate  a change  in  fuel  type,  by  reprogramming  and  recompiling 
a set  of  BLC^CK  DATA  modules.  Instructions  for  BLOCK  DATA  repro- 
gramming are  found  in  Section  4. 


FIGURE  III -3 
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BASIC  VARIABLES  INPUT 


Multiple  missiles  are  synthesized  during  a single  CGSM  case 
through  input  of  multiple  basic  variables.  A total  of  17  basic  variables 
are  provided,  and  each  may  be  assigned  up  to  16  values.  Basic  variables 
are  input  through  a specialized  table  format  which  is  described  in  this 
section.  Missiles  are  normally  synthesized  using  all  permutations  of  the 
basic  variable  values;  however,  selected  permutations  may  be  excluded 
through  input  of  a compatibility  matrix.  That  matrix  and  its  tabular 
format  are  also  described  in  this  section. 

The  basic  variables  table  and  its  compatibility  matrix  are  de- 
scribed with  the  aid  of  sample  input  lists.  Those  lists  are  written  on 
80-column  format  paper,  and  are  appended  to  the  figures  defining  table 
variables.  No  prestored  values  are  available  for  basic  variables; 
however,  compatibility  matrices  are  prestored  in  such  a way  as  to 
allow  all  basic  variable  permutations  to  be  synthesized.  Format  speci- 
fications are  listed  for  each  card  of  each  table.  Those  specifications, 
along  with  the  80-column  illustrations,  arc  the  basis  for  assembling  table 
data  decks.  Three  FORMAT  types  are  used  as  follows: 

(1)  "A"  FORMAT  is  used  to  input  alphameric  labeling  data  and 
comments.  Multiples  of  A4  are  used  for  large  fields.  Any 
of  the  A formatted  fields  on  a basic  tabic  input  card  may  be 
left  blank;  however,  each  card,  even  if  left  completely  blank, 
must  appear  in  the  input  deck. 

(2)  "I"  FORMAT  is  used  to  input  integer  numbers.  All  such 
integers  are  assumed  to  be  right  - justified  in  their  field, 
and  blanks  are  interpreted  as  zeros. 

(3)  "F"  FORMAT  is  used  to  input  floating  point  numbers. 
Multiples  of  FlO.  0 are  generally  used.  Numbers  may  be 
punched  in  any  column  of  their  field  as  long  as  a decimal 
point  is  used. 
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2.  1 BASIC  VARIABLES  TABLE 

A total  of  17  basic  variables  arc  provided,  and  each  is  dimen- 
sioned for  as  many  as  16  values.  The  basic  variable  list  contains 
exclusively  design  and  sizing  parameters.  Since  the  sizing  methodology 
covers  numerous  configuration  and  propulsion  system  types,  the  basic 
variables  list  necessarily  must  cover  those  types  as  well.  The  17  var- 
iables thus  may  define  different  parameters  corresponding  to  the  unique 
selection  of  types  for  each  job.  A list  cf  available  basic  variables,  their 
definitions,  and  their  input  card  formats,  is  included  as  Figure  III-4. 

A sample  table,  laid  out  on  80-column  format  paper,  is  a part  of  that 
figure.  The  sample  table  is  assembled  for  a typical  ramjet  missile 
synthesis  job. 

The  basic  variables  tabic  is  loaded  with  a ZIP  code  of  "ZIP  7 4 1" 
(see  Card  A on  Figure  III -4  ) . The  lirsl  card  following  the  ZIP  card  must 
be  a table  number  card.  That  second  card  contains  only  two  input  var- 
iables plus  labeling  space  (see  Card  B on  Figure  I T I - 4 ) . The  two  required 
inputs  are  a table  number  (always  set  to  2010000)  and  the  parameter  "m" 
(maximum  number  of  table  entries  allowed  for  a single  basic  variable). 

The  parameter,  m,  is  used  to  control  the  reading  of  the  column  label 
cards  and  basic  variable  cards.  If  m$6,  one  label  card  and  one  card  for 
each  of  the  17  basic  variables  is  expected  by  the  CGSM  executive.  If 
6 < m $ 12,  two  cards  are  expected  for  column  labeling  and  two  each  for 
the  basic  variables.  If  12  < m $ 16,  three  cards  each  are  expected  for 
the  column  labels  and  basic  variables.  If  fewer  than  m values  are 
required  for  any  of  the  basic  variables,  blank  entries  (or  blank  cards) 
must  be  used.  The  table  identifier  card  is  followed  by  the  column  label- 
ing card  (or  cards  if  m > 6).  Format  of  that  card  is  defined  and  illustrated 
in  the  two  parts  of  Figure  III- 4 (see  Card  C). 

Basic  variables  are  defined,  and  their  formats  aie  illustrated, 

in  Figure  III  - 4 under  Card  D (cards  Dl,  D2 D17).  Options 

available  within  that  list  are  described  on  that  figure.  Columns  1-16 
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CGSM  INPUT  - BASIC  VARIABLES 


Figure  II I - 4 (Cont'd. 


CARD 

A 


DEFINITION 

ZIP  code  card. 

Format  includes: 

Column 

Pa  ramcter 

1 - 4 

ZIP  designator  (A4) 

5 - 10 

ZIP  number  (312) 

11-40 

Not  used  (110,  415) 

41  - 80 

Optional  comment  space 

(10A4) 

Tabic  identifier 

card.  Format  includes: 

Column 

Parameter 

1 - 12 

Optional  comment  space 

(3A4) 

14  - 20 

Table  no.  2010000  (17) 

21-30 

Not  used  (215) 

31  - 35 

Case  number  (user  optional)  C5) 

36  - 40 

Maximum  number  of  tabli 
for  a single  basic  variabl 

c ent  rie s all 
c (m)  (15) 

41-80 

Optional  comment  space 

( 1 0A  4 ) 

Column  labeling 
follows: 

instructions.  Format  is  specified  as 

FORMAT  ( 

5A4,  6 ( 2X , 2A4 )) 

A second  card  is  required  if  m > 6,  and  a third  if 
m > 12,  using 

FORMAT  (20X , 6 (2X,  2A4)) 

Card  C is  required  even  if  the  fields  are  left  blank. 

Basic  variables 

cards.  Format  includes: 

Column 

Parameter 

1 - 16 

Optional  comment  space 

(4A4) 

17  - 20 

Number  of  values  input 

(14) 

21  - 80 

Basic  variable  values 

(6F 10.  0) 

A second  card  is  required  for  each  basic  variable  if 
m > 6,  and  a third  card  if  m >12.  Those  cards  use  the 
format: 


111-12 


Figure  II I -4  (Cont'd.) 


VARIABLE 


DEFINITION 


Column  Pa  ra  meter 

1 - 20  Not  used  (4A4,  14) 

21  - 80  Basic  variable  values  (6F10.0) 

E - G These  cards  are  required  to  close  out  the  table.  Insert 

them  as  shown  in  the  illustration. 


* The  following  are  basic  variables: 


CARD 

Dl 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

D9 


BASIC  VARIABLE 
Total  exposed  wine  area  in  sq.  ft. 

Total  exposed  (all  panels)  tail  area  in  sq.  ft. 

2 . 

Wing  aspect  ratio  (exposed  span)  /(exposed  area) 
Payload  compartment  length  in  inches 
Warhead  weight  in  lb. 

Controls  system  weight  in  lb. 

Missile  airframe  diameter  in  inches 
Booster  delivered  thrust  -to -weight  ratio 
Propulsion  parameter  no.  1 


= Maximum  thrust  for  liquid  or  solid  rockets  if 
miR=0  in  SUPER  (lb) 

= Maximum  thru st -to-weight  ratio  for  solid  or  liquid 
rockets  if  ITHR=1  in  SUPER 

= Design  point  altitude  for  ramjets  or  turbojets  (ft) 
DIO  Second  propulsion  parameter 

= Specific  impulse  (at  maximum  thrust)  for  liquid  or 
solid  rockets  (sec) 

= Design  Mach  number  for  ramjets  or  turbojets 
Dll  Third  propulsion  parameter 

= Chamber  pressure  for  liquid  or  solid  rocket  (psi) 

= Design  point  flight  path  angle  for  ramjets  (deg) 

= Design  maximum  thrust  (sea  level  static)  for 
turbojets  (lb) 

‘ , III- 1 3 
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Figure  III -4  (Cont!d.) 


CARD  BASIC  VARIABLE 

D12  Fourth  propulsion  parameter 

= Liquid  fuel  mixture  ratio  for  liquid  rockets  (set  to 
one  for  solid  rockets) 

= Combustion  temperature  (TT4)  for  ramjets  (°R) 

= Turbine  inlet  temperature  for  turbojets  (‘R) 

D13  Propulsion  design  parameter  number  5 (ramjets  only) 

= Fraction  of  ramjet  fuel  consumed  at  the  design 
point 

D14  Sixth  propulsion  parameter  (ramjets  only) 

= Ramjet  design  point  normal  acceleration 
component  (g) 

D15  Seventh  propulsion  parameter  (ramjets  only) 

= Ramjet  design  point  tangential  acceleration 
component  (g) 

D16  Eighth  propulsion  parameter  (ramjets  only) 

= Ramjet  design  pressure  margin 

D17  Sizing  parameter 

= Missile  total  weight  if  INW(£>RL=0  in  SUPER  (lb) 

= Missile  total  length  in  ENW£)RL  = 1 in  SUPER  (in) 
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are  reserved  for  optional  numbering,  labeling,  and  comments.  The 
number  of  values  entered  for  a given  basic  variable  (n.)  is  entered  in 
columns  17  - 20  on  the  first  card  input  for  that  variable.  Each  basic 
variable  may  be  assigned  a number  of  entries  which  is  independent  of 
any  other  basic  variable,  and  is  only  limited  to  be  less  than  or  equal 
to  the  maximum  (m)  entered  on  Card  B.  The  values  that  a given  basic 
variable  will  assume  during  missile  synthesis  are  entered  in  columns 
21  - 80  on  one,  two,  or  three  cards,  depending  on  the  value  of  m.  If  n. 
is  less  than  m,  the  fields  corresponding  to  n.+^ , n ^ • • • rn  are  left 
blank. 

The  structure  and  format  of  the  basic  variable  table  is  invariant, 
in  that  all  17  variables  must  be  input  for  every  job  , and  a set  number 
of  cards  is  loaded  for  each  variable  even  if  n.  < m.  The  values  loaded 

l 

through  a particular  variable  are  subject  to  user  options,  however. 
Those  options  are  described  briefly  in  the  following  paragraphs. 

Missiles  may  be  synthesized  with  wings  and/or  tails  or  with  no 
wings  and/or  tails  using  control  options  provided  under  the  NAMELIST 
lists  NAMCNF  (Figure  III- 13)  and  SUPER  (Figure  I II - 29)-  If  a job 
calls  for  synthesis  of  a wingless  missile,  single  values  of  zero  are 
input  for  basic  variables  1 and  3.  Lf  the  missile  has  no  tail,  basic 
variable  no.  2 should  have  a single  input  of  zero. 

Non-boosted  missiles  may  be  synthesized  by  proper  selection  of 
the  parameter  KPRQiP  in  the  SUPER  list  (Figure  I II - 29).  In  that  event, 
basic  variable  no.  8 (booster  thrust -to-weight  ratio)  is  input  with  a 
single,  dummy  value  of  zero. 


Basic  variables  9 through  16  are  dependent  on  sustaincr  type 
(see  also  KPRCflP  in  the  SUPER  list).  Settings  of  those  variables  for 
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(1)  Solid  Rocket  Suatainer  - Suatainer  maximum  thruat, 
apecific  impulse,  and  chamber  preaaure  are  input 
through  variablea  9,  10,  and  11,  reapectively. 

Variable  9 may  be  maximum  thrust-to-weight  ratio 
(if  ITHR  = 1 in  SUPER).  Variable8  12  through  16  are 
input  with  dummy  value8. 

(2)  Liquid  Rocket  Suatainer  - Suatainer  maximum  thruat, 
apecific  impulae,  chamber  preaaure,  and  fuel  mixture 
ratio  are  input  through  variablea  9 through  12. 

Variable  number  9 i8  taken  to  be  maximum  thruat/ 
weight  if  ITHR  = 1 in  SUPER.  Variablea  13  through  16 
are  input  with  dummy  value  a. 

(3)  Ramjet  Suatainer  - Design  point  altitude , Mach 
number,  flight  path  angle,  combustion  tempe rature , 
fuel  consumed  fraction,  normal  acceleration,  tangen- 
tial acceleration,  and  pressure  margin  are  input 
through  variablea  9 through  16. 

(4)  Turbojet  Suatainer  - Design  point  altitude,  Mach 
number,  thrust  level,  and  inlet  temperature  are  input 
using  Variables  9 through  12.  Variables  13  through 
16  are  input  with  dummy  values. 

Those  propulsion  design  parameters  are  defined  in  Figure  HI-4.  The  con- 
trol option  ITHR  is  prestored  as  zero,  but  may  be  changed  through  input 
of  a SUPER  list. 

Basic  variable  number  17  is  assumed  to  be  missile  total  weight  if 
INW£)RL=0,  and  to  be  missile  total  length  if  INW0RL  = 1.  The  control 
parameter,  INW£)RL,  is  prestored  as  zero  but  may  be  changed  through 
the  SUPER  NAMELIST  (see  Figure  IH-29).  Limitations  on  the  user's 
choice  of  length  or  weight  as  variable  number  17  are  shown  on  Figure 
IH-3.  For  example,  turbojet  sustainers  must  be  sized  to  a weight  and 
not  to  a length. 
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Payload  compartment  length  (variable  4)  is  the  total  linear  space 
required  to  package  all  "payload  " components.  Payload  components  in- 
clude the  warhead,  guidance  and  control  equipment,  miscellaneous  equip- 
ment, radar,  and  void  spaces.  Those  components  may  be  contiguous  or 
may  be  distributed  arbitrarily  along  the  missile.  Payload  weight  is  com- 
piled within  the  CGSM  by  summing  the  warhead  weight  (variable  5),  the 
controls  system  weight  (variable  6),  the  miscellaneous  payload  weight 
(see  WMISC  in  the  SUPER  NAMELIST  list  of  Figure  IU-29),  the  guidance 
system  weight  (see  WTGUID  in  the  NAMCST  NAMELIST  of  Figure  III  — 3 1) » 
and  the  airframe  skin  weight  around  the  payload  components  (computed 
internally  based  on  the  input  nose  shape  and  payload  compartment  length). 
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2.2  COMPATIBILITY  MATRIX 

Selective  permutations  of  CGSM  basic  variables  can  be  suppressed 
through  input  of  an  optional  compatibility  matrix.  That  matrix  is  loaded 
immediately  after  a ZIP  card  with  code  "ZIP  11  1",  and  is  itself  followed 
by  a SUPER  NAMELIST  list. 

The  compatibility  matrix  is  labeled  M. . and  has  the  form: 


el,l 

C1.2 

• • • 

e j,  m 

C2,  1 

C2,2 

• • • 

e.  m 

• 

. 

• 

• 

• 

• 

• 

• 

• 

e i 

e _ 

• • • 

e m 

n,  1 

n,  2 

n, 

Each  element  of  the  matrix  corresponds  to  a pair  of  basic  variable  values. 
If  an  clement  has  anon-zero  value,  the  basic  variable  values  tied  to  that 
element  are  judged  to  be  compatible,  and  the  CGSM  executive  will  attempt 
to  synthesize  a missile  using  them.  If  an  clement  is  assigned  a 
zero  value  through  input  of  a compatibility  matrix,  the  pair  of  values, 
corresponding  to  that  element  are  labeled  incompatible,  and  synthesis 
of  a missile  is  suppressed  when  those  values  would  be  combined.  If  no 
matrix  is  input,  prestored  values  label  all  permutations  of  all  basic 
variables  as  compatible. 

Use  and  input  of  the  compatibility  matrix  is  illustrated  through 
the  sample  matrix  of  Figure  III-1;,  by  reference  to  the  sample  basic 
variables  table  of  Figure  III- 4.  That  sample  basic  variables  table 
defines  a set  of  potential  ramjet  cruise  missiles.  A total  of  nine  per- 
mutations are  possible  within  that  set,  since  three  diameters  and  three 
weights  are  specified.  The  compatibility  matrix  in  Figure  III  - 5 reduces 
that  total  to  three,  and  allows  the  following  permutations: 

No.  Diameter  Weight 


1 

18 

3500. 

2 

19 

3750. 

3 

20 

4000. 
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Figure  II] 

-5  (Cont'd.  ) 

VARIABLE/CARD 

DEFINITION 

A 

ZIP  code  card. 

Format  includes: 

Column 

Parameter 

I - 4 

ZIP  designator  (A4) 

5 - 10 

ZIP  number  (312) 

11  -40 

Not  used  (110,  415) 

41-80 

Optional  comment  space  (10A4) 

B 

Table  identifier 

card.  Format  includes: 

Column 

Parameter 

1 - 12 

Optional  comment  space  (12X) 

14  - 20 

Table  No.  2010000  (17) 

21  - 30 

Not  used  (10X) 

31  - 35 

Case  number  (user  optional)  (15) 

36  - 80 

Not  used  (46X) 

C 

Number  of  compatibility  arrays  input  (maximum  of  8). 

Column 

Parameter 

1 - 60 

Comment  space  (15A4) 

61  - 70 

Number  input  ( 1 1 0 ) 

71-80 

Not  used  (10X) 

D 

Concept  group  number. 

Column 

Pa  ram  eter 

1 - 60 

Comment  space 

61  - 70 

Group  no.  always  set  to  one  (110) 

71  - 80 

Not  used  (10X) 

E 

Key  which  specifies  basic  variables  covered  by  the 
compatibility  matrix.  The  key  used  on  the  sample 
matrix  specifies  that  a compatibility  check  is 
required  between  basic  variables  7 and  17. 

1- 

• 
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Figure  III -5  (Cont'd.) 


VARIABLE/CARD  DEFINITION 


Column 

Parameter 

1 - 10 

Key  for  matrix  no.  1 

1 - 3 

Matrix  no.  (13) 

4 

Comment  space  (IX) 

5-6 

First  basic  variable  no. 

7 

Comment  space  (IX) 

O' 

1 

00 

Second  basic  variable  no. 

10 

Comment  space  (IX) 

A separate  key  is  required  for  each  matrix,  up  to 
the  total  number  input  on  Card  C.  Columns  11 
through  20  are  set  aside  for  the  second  matrix  key, 
21  - 30  for  the  third,  and  so  on.  The  ten  columns 
allocated  to  each  key  are  broken  down  parallel  to 
that  listed  above  for  the  first  key.  Variable  num- 
bers must  be  drawn  from  the  list  defined  in 
Figure  III  - 4 . 

F Identifiers  for  each  matrix. 

Parameter 

The  symbols  "C0MP"  must  be 
punched  in  these  first  columns 
(A4) 

Optional  comment  space  (5A4,  Al) 

Matrix  number  (15) 

Optional  comment  space 
(10X.6A4.A1) 

Group  number  always  set  to  one 

(15) 

Not  used  (10X) 


Column 
1 - 4 

5 - 25 
26  - 30 
31  - 65 

66-70 

71-80 
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Figure  III  - 5 (Cont'd.  ) 


VARIABLE/CARD 

G 


* 

h 


DEFINITION 

The  set  of  cards  labeled  "G"  is  used  to  input 
compatibility  matrix  elements.  Cards  G and  F 
are  repeated  for  each  matrix.  Each  matrix  is 
designated  M. .,  and  each  card  in  "G"  loads  a 
matrix  row.  dards  are  formatted  as: 

Column  Parameter 

I- 10  Optional  comment  space  (10X) 

II- 80  Matrix  elements  for  a given  row 

(M. . ; i = constant;  j = 1,2,...  m; 
m y input)  (1515) 

Two  cards  (identical  in  format)  are  required  if 
m > 15.  An  upper  limit  of  16  is  imposed  on  m 
since  no  more  than  16  values  can  be  input  for 
any  of  the  basic  variables.  The  limit  on  m is  set 
operationally  by  the  Card  "D"  of  the  basic  variable 
set  (see  Figure  II I — 4)  for  matrix  variable  no.  2. 

The  limit  on  number  of  rows  for  each  matrix  is 
set  during  basic  variable  table  input  by  the  Card 
"D"  which  corresponds  to  matrix  variable  no.  1. 

One  card  is  required  for  each  row  (2  if  m >15). 

A zero  value  in  any  field  stores  a zero  for  the 
element,  eij,  corresponding  to  that  field,  and  labels 
incompatible  the  jth  value  of  matrix  variable  no.  1 
and  ith  value  of  matrix  variable  no.  2.  Any  non- 
zero setting  labels  the  matrix  variables  as  com- 
patible and  enables  missile  synthesis  for  that 
combination  of  variables. 
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Steps  in  assembling  the  matrix  are  as  follows: 

(1)  Card  A is  loaded  as  a "ZIP  11  1"  to  instruct  the  CGSM 
executive  that  a compatibility  matrix  will  follow  the  ZIP 
card  and  precede  the  SUPER  NAMELIST. 

(2)  Card  B is  loaded  with  the  same  table  number  as  Card  B 
of  the  basic  variables  table  (2010000  is  required  for  the 
CGSM). 

(3)  Card  C is  punched  with  comments  and  a value  of  one  in 
column  70  to  spe"ify  that  a single  matrix  will  follow. 

(4)  Card  D includes  optional  comment  space  and  a group 
number  which  must  be  one  for  CGSM  applications. 

(5)  Card  E loads  a single  key  for  the  single  matrix.  Basic 
variable  no.  7 (diameter)  is  loaded  as  the  first  matrix 
variable.  Basic  variable  17  (weight)  becomes  matrix 
variable  no.  2. 

(6)  Card  F begins  with  "COMP"  in  columns  1 - 4.  Comments 
shown  on  Figure  III  - 5 are  recommended  but  are  not  manda- 
tory. Comments  listed  under  "A"  format  are  reproduced 
in  the  printout  of  the  table  but  are  not  used  otherwise. 

Group  number  and  matrix  number  are  punched  on  Card  F 
as  ones. 

(7)  Card  set  G includes  3 cards  with  non-zero  values  in  the 
fielcteshown  on  Figure  III  - 5 . Since  a value  of  3 was  loaded 
on  card  D7  of  the  basic  variables  table,  the  matrix  con- 
sists of  three  elements  per  row  (three  columns),  and  each 
card  in  set  G contains  three  element  values.  Since  three 
values  of  basic  variable  no.  17  (see  card  D17)  were  loaded, 
card  set  G consists  of  three  cards.  By  punching  in  a value 
of  zero  in  all  except  elements  e.  .,  e , and  e , the  six 

^ | » b | u J | J 

unwanted  combinations  of  weight  and  diameter  are 
suppressed. 
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NAMELIST  INPUT  DESCRIPTION 


3.  0 

A total  of  twenty-five  specialized  NAMELIST  lists  are  used  in  the 
CGSM.  Their  functions  are  input/output  control  and  data  input.  CGSM 
lists  follow  the  general  FORTRAN  IV  NAMELIST  rules  listed  on  Figure 
UI-6.  CGSM  input  decks  can  be  large;  however,  the  following  steps  have 
been  taken  to  limit  the  volume  of  input  for  a given  JOB: 

(1)  All  NAMELIST  parameters  have  been  assigned  pre- 
stored values,  and  only  those  which  need  to  be  changed 
from  those  prestored  values  are  required  as  input. 

(2)  All  NAMELIST  values  are  saved  within  the  CGSM 
executive  logic  for  the  duration  of  a JOB,  and  input 
for  stacked  cases  need  only  include  changes  from  the 
previous  case. 

(3)  Use  of  ZIP  control  cards  makes  the  lists  self-loading, 
so  that  they  may  be  input  in  any  order  or  may  be 
omitted  altogether  for  a given  JOB. 

A CGSM  JOB  which  uses  primarily  prestored  data  may  require  as  few  as 
50  cards. 

Multiple  lists  are  provided  with  the  purpose  of  helping  the  user  to 
sort  out  the  many  types  of  input  data,  and  of  making  the  overall  input  task 
simpler.  A summary  of  all  CGSM  NAMELIST  is  included  as  Figure  III-7. 
That  summary  describes  the  types  of  data  which  were  assigned  to  each 
NAMELIST.  All  liquid  rocket  sustainer  design  and  sizing  data  are 
assigned  to  the  NAMLR  list,  for  example,  and  the  user  need  only  be  con- 
cerned with  the  NAMLR  list  if  his  JOB  calls  for  a missile  with  a liquid 
rocket  sustainer.  In  general,  the  user  may  confine  his  attention  to  those 
lists  which  are  necessary  for  his  unique  JOB.  The  dependence  of  input 
requirements  on  the  user's  selection  of  synthesis  options  is  illustrated  on 
Figure  III-8.  The  user  can  identify  relevant  input  lists  by  tracing  through 
that  figure  for  a set  of  options. 
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FIGURE  III  - 6 
NAMELIST  INPUT  RULES 

o The  first  column  on  all  NAMELIST  cards  must  be  blank. 

Column  2 of  the  first  card  must  contain  the  ampersand  (&) 
followed  immediately  by  the  NAMELIST  name  (e.g.,  &NAM1) 
and  followed  by  at  least  one  blank.  The  reading  of  NAMELIST 
input  is  terminated  by  putting  ampersand  end  (&END)  after  the 
last  number,  or  on  the  final  card  by  itself. 

o Data  may  begin  on  the  same  card  as  the  NAMELIST  name 

(separated  by  at  least  one  blank)  and  has  the  form: 

VARIABLE  = number,  followed  by  a comma.  If  the  number 
is  an  integer  (variables  whose  names  begin  with  I,  J,  K, 

L,  M,  N)  no  decimal  point  is  used.  If  the  number  is  real, 
embedded  decimal  points  must  be  used  while  trailing  decimal 
points  are  optional.  Do  not  leave  blanks  between  numbers 
and  their  trailing  commas.  Do  not  split  a variable  name, 
or  a number  and  its  trailing  comma,  from  one  card  to  the 
next. 

o The  same  variable  may  appear  more  than  once  in  the  NAME- 

L1ST  input  deck  and  the  last  value  is  the  one  used.  Not  all 
variables  belonging  to  a NAMELIST  need  appear  at  input  time. 

If  they  are  not  on  the  input  card,  their  current  value  is 
unchanged  in  core.  A variable  may  belong  to  more  than  one 
NAMELIST  list. 

o If  a variable  is  dimensioned,  i.  e.  , is  subscripted,  such  as 

KBOOST  (2,2),  this  means  there  are  actually  four  variables 
identified  by  the  indices  as  KBOOST  (1,  1),  KBOOST  (2,  1), 
KBOOST  (1,2),  and  KBOOST  (2,2)  in  this  order.  Note  that 
the  left -most  index  varies  most  rapidly.  They  may  be  read 
one  at  a time  or  all  at  once.  For  partial  lists,  the  indices  must 
be  specified,  e.  g. 

KBOOST  (1,2)  = 1,  KBOOST  (2,1)  = 0 

KBOOST  (1,  1)  = 3,  KBOOST  (2,2)  = 2,  . 

If  the  numbers  are  read  all  at  once,  the  indices  may  be 
omitted  and  the  above  is  equivalent  to: 

KBOOST  = 3,  0,  1,  2,  . 
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NAMELIST  DESCRIPTIONS 


NAMELIST 

NAME 

INPUT  DATA  DESCRIPTION 

SEE 

SECTION 

NO. 

FIGURE 

NO. 

NAM  1 

Output  Control  Options 

3.  1 

UI-12 

NAMCNF 

Configuration  Data 

3.  2 

HI- 13 

NAMPAK 

Packaging  Data 

3.  3 

HI-14 

NAMBOO 

General  Booster  Data 

3.4 

HI  - 1 5 

NAMEXB 

External  Booster  Data 

3.  5 

HI-16 

NAMSR 

Solid  Rocket  Sustainer  Data 

3.6 

HI- 17 

NAMLR 

Liquid  Rocket  Sustainer  Data 

3.  7 

HI- 18 

NAMRJS 

Ramjet  Sustainer  Design  Data 

3.  8 

HI- 1 9 

NAMFLR 

Turbojet  Sustainer  Design  Data 

3.  9 

HI-20 

NAMTRS 

Ramjet  Fuel  Temperature  Rise 
Tables 

3.  10 

III -21 

NAMSPH 

Ramjet  Fuel  Specific  Heat  Ratio 
Tables 

3.  10 

III -22 

NAMGSC 

Ramjet  Fuel  Gas  Constant  Tables 

3.  10 

HI-23 

NAMBSP 

Ramjet  Fuel  Burner  Severity  Tables 

3.  10 

HI-24 

NAMINM 

Air  Inlet  Performance  Map 

3.  11 

HI-25 

NAM3 

Worth  Data 

3.  12 

III -26 

NAMVPM 

Trajectory  Control  Terms 

3.  13 

III -2  7 

NAMBYP 

Options  for  Bypass  of  Computational 
Steps 

3.  14 

IU-28 

SUPER 

Supervisory  List 

3.  15 

HI-29 

NAMSCR 

Screening  Control  Data 

3.  16 

HI-30 

NAMCST 

Cost  Data 

4.  1 

III -31 

NAMCBY 

Cost  Data  for  Bypass 

4.  2 

III  - 3 2 

NAMCNP 

RCM  CER  Data 

4.  3 

HI-34 

NAMCCN 

RCM  CER  Data 

4.  3 

HI-35 

NAMCPS 

RCM  CER  Data 

4.  3 

HI-36 

NAMCCP 

RCM  CER  Data 

4.  3 

HI-37 

Figure  III  - 8 

INPUT  REQUIRED  FOR  SYNTHESIS  OPTIONS 
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Figure  III -8  (Cont'd. ) 
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Each  NAMELIST  list  is  discussed  separately  in  the  following 
sections.  A complete  list  of  parameter  definitions  for  each  list  is  in- 
cluded at  the  end  of  this  section  (see  Figure  III -11  through  III -29). 

3.  1 NAM  1 LIST  DESCRIPTION 

The  NAM1  list  is  used  to  input  those  control  flags  governing 
CGSM  printed  output.  The  list  parameters,  INPRIN  and  IPRP,  control 
print  during  the  input  steps.  LAIR,  IPSM,  ICOST,  and  IVP  control  output 
during  missile  synthesis  and  trajectory  steps.  The  NAM1  list  may  appear 
at  more  than  one  point  in  the  input  deck  to  selectively  suppress  print 
during  input;  however,  the  NAM1  values  current  at  the  point  of  reading 
the  SUPER  NAMELIST  are  used  to  control  synthesis  output.  The  para- 
meter  KFIL12  is  used  to  suppress  file  12  data  storage  when  screening  is 
not  required. 

Prestored  values  in  NAM1  call  for  minimum  printed  output.  List 
parameters  are  defined  in  Figure  III-12. 

3.2  NAMCNF  DESCRIPTION 

The  NAMCNF  list  includes  the  payload,  wing,  tail,  and  airframe 
design  and  sizing  options  and  data,  as  well  as  miscellaneous  parameters 
used  in  aerodynamics  computations.  Several  parameters  which  would 
logically  be  assigned  to  NAMCNF  have  been  deferred  to  the  SUPER 
NAMELIST  for  convenience  in  assembling  stacked  cases,  however.  All 
list  parameters  have  prestored  values.  A complete  definition  of  list 
parameters  and  their  prestored  values  is  included  in  Figure  III -13. 

3.3  NAMPAK  DESCRIPTION 


All  input  parameters  required  to  test  the  viability  of  packaging 
each  generated  concept  into  a launch  tube  or  on  an  aircraft  are  input 
through  the  NAMPAK  list.  The  parameter  KLNCH  is  used  to  designate 
whether  surface  or  air  launch  testing  is  required.  Testing  is  bypassed  if 
KBYPAK=1  in  SUPER  (see  Figure  HI-29).  List  items  and  prestored 
values  are  presented  on  Figure  IH-14. 
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3.4  NAMBOO  DESCRIPTION 

Data  input  through  the  NAMB0O  list  apply  to  the  design  and  sizing 
of  integral  and  external  boosters.  Principal  parameters  include  charac- 
teristic exhaust  velocity  (CSTAR),  thrust  coefficient  (FJ),  ambient  pres- 
sure (PA),  and  chamber  pressure  (PC).  These  NAMBOO  list  items  are 
combined  with  an  input  delivered  thrust-to -weight  ratio  (basic  variable 
no.  8),  and  with  an  ideal  velocity  and  payload  weight  determined  internally, 
to  size  the  booster.  A design  point  is  implicit  in  the  selection  of  inputs 
(see  PA,  CSTAR,  T/W,  etc.)  but  is  not  input  otherwise. 

External  booster  sizing  requires  input  of  both  NAMBOO  and 
NAMEXB.  All  other  boost  stages  require  only  NAMBOO.  Some  booster 
control  options  are  deferred  to  the  SUPER  NAMELIST  (Figure  III -29). 

List  parameter  definitions  and  their  prestored  values  are  included 
as  Figure  III -15. 

3.5  NAMEXB  DESCRIPTION 

Boost  stage  design  and  sizing  parameters  which  apply  only  to 
external  boosters  are  input  through  NAMEXB.  Those  parameters  are 
combined  with  the  NAMBOO  list  items.  External  booster  control  options 
are  deferred  to  the  SUPER  NAMELIST.  NAMEXB  list  items  are  defined 
in  Figure  III-16. 

3.6  NAMSR  DESCRIPTION 

Solid  rocket  sustainer  design  and  sizing  data  are  listed  in  NAMSR. 
Those  list  parameters  are  combined  with  the  solid  rocket  design  point 
input  through  the  basic  variables  table.  Figure  III  - 1 7 presents  a complete 
listing  of  NAMSR  parameter  definitions. 

3.  7 NAMLR  DESCRIPTION 

Liquid  rocket  sustainer  design  and  sizing  data  are  input  through 
NAMLR.  Those  list  parameters  are  combined  with  the  liquid  rocket 
design  point  input  through  the  basic  variables  table.  NAMLR  list  items 
are  defined  in  Figure  III -18. 

HI-31 


3.8  NAMRJS  DESCRIPTION 

Ramjet  Sustainer  design  and  sizing  data  are  input  through  the 
NAMRJS  list.  Those  data  are  combined  with  the  ramjet  design  point  data 
input  through  the  basic  variables  table.  NAMRJS  applies  to  all  ramjet 
sustainer  options,  whether  integral,  unboosted,  or  externally  boosted. 

Several  ramjet  fuel  data  items  are  included  in  NAMRJS.  The 
parameters  IFTYPE,  PT41,  PT4Z,  and  PT43  control  input  and  interpola- 
tion in  the  fuel  performance  maps. 

All  NAMRJS  list  parameters  are  defined,  and  their  prestored 
values  are  listed,  in  Figure  III -19. 

3.  9 NAMTJ  DESCRIPTION 

Turbojet  sustainer  design  and  sizing  data  are  input  through  NAMTJ. 
Those  list  parameters  are  combined  with  the  turbojet  design  point  input 
through  the  basic  variables  table.  NAMTJ  list  items  are  defined  in 
Figure  III-20. 

3.  10  RAMJET  FUEL  MAP  INPUT 

Ramjet  fuel  characteristics  must  be  defined  throughout  the 
ramjet  operating  regime  in  terms  of  temperature,  pressure,  and  fuel/ 
air  ratio.  Four  maps  must  be  input  for  a given  fuel  type.  The  first 
three  maps  are  three-dimensional  tables  defining  temperature  rise, 
specific  heat,  and  gas  constant  variations.  The  fourth  map  defines  the 
linear  variation  of  combustion  efficiency  and  lean  blow  out  ratio  with 
burner  severity  parameter. 

Fuel  maps  may  be  input  through  NAMELIST  lists  or  through 
optional  formatted  data  decks  with  proper  settings  of  ZIP  control 
cards.  For  either  input  method,  the  following  data  are  required: 

(1)  Map  1 - Fuel  temperature  rise  versus  free  stream 

total  temperature  (TT2),  fuel-to-air  ratio  (F/A),  and 
combustion  pressure  (P). 
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(2)  Map  2 - Specific  heat  versus  combustion  temperature 
(TT4),  F/A  and  P. 

(3)  Map  3 - Gas  constant  versus  TT4,  F/A  and  P. 

(4)  Map  4 - Combustion  efficiency  and  lean  blow  out  ratio 
versus  burner  severity  parameter. 

Three  pressure  levels  are  required  for  temperature  rise  data  tables; 
however,  specific  heat  and  gas  constant  data  tables  may  be  assembled 
with  one  or  three  pressures  depending  on  the  setting  of  IFT  YPE  in  the 
NAMRJS  list. 

The  option  of  NAMELIST  input  for  the  fuel  data  is  useful  since 
it  allows  maps  to  be  prestored.  A complete  set  of  JP5  fuel  data  is 
stored  in  the  CGSM  through  BLOCK  DATA  and  is  available  to  the  user. 
Input  of  blank  NAMELIST  lists  is  recommended  when  JP5  fuel  is  to  be 
used  , since  that  causes  the  tables  to  be  printed  during  the  input 
step. 

3.  10.  1 NAMTRS,  NAMSPH.  NAM  CSC  and  NAMBSP  Descriptions 

Ramjet  fuel  performance  characteristics  may  be  input  through 
the  following  lists: 

(1)  NAMTRS  - Temperature  rise  (Map  1) 

(2)  NAMSPH  - Specific  heat  (Map  2) 

(3)  NAMGSC  - Gas  constant  (Map  3) 

(4)  NAMBSP  - Burner  severity  (Map  4) 

Standard  NAMELIST  rules  and  conventions  apply  to  these  lists  and  their 
data. 

The  procedure  for  assembling  the  data  tables  of  Maps  1,  2,  and 
3 for  NAMELIST  input  is  explained  through  the  following  example.  The 
procedure  is  identical  for  each  of  the  three  maps,  but  gas  constant 
(Map  3)  is  singled  out  for  illustration.  Gas  constant  data  should  be 
arranged  as  in  Figure  III -9  as  a preparatory  step.  Data  arrays  are 
grouped  into  "subtables",  where  each  such  subtable  corresponds  to  a 
specified  ramjet  combustion  temperature  (TT4B),  and  where  each 
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Figure  III- 9 

RAMJET  FUEL  MAP  LAYOUT  - GAS  CONSTANT 
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includes  the  dependence  of  gas  constant  (GASLCJ)  on  fuel-to-air  ratio 
(FAR2).  A "column"  designation  is  assigned  to  each  set  of  GA.SLQJ/FAR2 
data  points.  All  subtables  and  columns  are  independent  in  length  and  value, 
aB  shown  on  Figure  I II - 9 . In  assembling  the  sample  tabular  data  for 
NAMGSC  input  (see  also  Figure  III  - 2 3 ) , the  following  steps  are  required: 

(1)  The  number  of  subtables  (6)  is  input  through  the 
parameter  K4. 

(2)  The  number  of  columns  in  each  sequential  subtable 
(2,  2,  5,  5, 6,  6)  is  input  through  the  array  KN(I). 

(3)  The  temperature  values  corresponding  to  each  sequential 
subtable  (400,  3200,  3600,  4000,  4400,  4800  deg  R)  are 
input  through  the  array  TT4B(I). 

(4)  Fuel-to-air  ratio  values  are  input  through  the  two- 
dimensional  array  FAR2  (I,  J),  whore  I corresponds 

to  subtable  number  and  J corresponds  to  column  number. 
Under  that  format,  the  following  values  may  be  observed: 
FAR2(  1,  1)  = 0.  0 
F A R 2 ( 1 , 2)  = .06 
FAR2(6,  6)  = 0.  10 

(5)  Gas  constant  values  are  loaded  through  the  two-dimensional 
array  GASLC#  (1,  J ) using  the  same  format  as  FAR2  (1,  J). 

Data  shown  in  Figure  III  - 9 are  drawn  from  the  prestored  JIJ5  fuel  type. 

That  fuel  type  requires  only  one  pressure  level  for  gas  constant  data.  If 
three  pressure  levels  are  required  for  an  alternate  fuel  type,  GASMED 
and  GASHI  (see  Figure  III  - 2 3 ) are  loaded  ir.  the  same  manner  as  GASLO 
in  step  5.  As  many  as  15  subtables  and  15  columns  may  be  used  for  a 
given  map. 


Map  4 consists  of  an  array  of  up  to  15  values  of  burner  severity 
parameter  (BSP)  plus  corresponding  arrays  of  (dependent)  combustion 
efficiency  and  lean  blow  out  ratio  values.  Those  data  are  input  through 
the  NAMBSP  list  as  simple  arrays  with  BSP  points  arranged  in  increasing 
order.  Map  4 can  only  be  input  through  NAMBSP. 

A complete  fuel  map  is  prestored  in  the  CGSM  using  the  JP5  fuel 
type.  Definitions  of  list  parameters  and  listings  of  prestored  values  are 
included  as  Figure  III  - Z 1 (for  NAMTRS),  Figure  III -Z  Z (for  NAMSPH), 
Figure  IH-23  (for  NAMGSC) , and  as  Figure  III  - Z 4 (for  NAMBSP). 

3.  10.  2 Formatted  Fuel  Deck  Input 

Maps  1,  2,  and  3 (see  above)  may  be  input  through  formatted 
decks  if  desired  (see  Section  1.0  for  ZIP  codes).  Format  of  those  decks 
is  illustrated  in  Figure  HI-10  for  a generalized  map.  CGSM  executive 
logic  expects  the  first  card  on  Figure  IH-10  to  be  loaded  immediately  after 
the  fuel  map  ZIP  card.  Actual  reading  of  the  deck  is  controlled  by  the 
executive  based  on  the  set  of  dimensioning  parameters  read  on  cards  1 
and  3.  The  first  card  sets  the  number  of  subtables  (as  many  as  15),  and 
card  3 sets  the  number  of  data  points  per  subtable  for  each  variable  (as 
many  as  15).  A separate  control  parameter  is  input  on  card  1 as  either 
1 or  3 in  column  8.  That  control  parameter  is  punched  as  1 if  a single 
pressure  is  to  be  considered,  and  is  punched  as  3 if  multiple  pressures 
are  used.  The  setting  of  1 requires  that  IFTYPE  be  set  to  zero  in  the 
NAMRJS  list,  while  a setting  of  3 requires  that  IFTYPE=1.  Data  cards 
are  read  under  the  format  "10  X 6F 10.  0"  so  that  multiple  cards  are  re- 
quired when  NELEM  > 6 for  a given  subtable.  In  that  case,  all  of  the 
cards  for  VAR2  are  read  before  the  first  card  of  VAR3  is  read,  and  so 
on  through  the  deck. 

The  generalized  variables  of  Figure  III  - 1 0 are  correlated  to 
specific  fuel  map  parameters  in  Figure  III  - 1 1 . Thus,  where  the  genera- 
lized variable  VARl  is  seen,  the  user  substitutes  TT2  (Map  1),  TT4A 
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FIGURE  III  - 10 

OPTIONAL  FORMATTED  INPUT  OF  RAMJET  MAPS 


MAP  VARIABLE  NAME  CORRELATION  MATRIX 


U5C5* 
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(Map  2),  or  TT4B  (Map  3)  from  Figure  III -11.  Definitions  of  the  vari- 
able names  shown  on  that  figure  are  found  in  Figures  III  - Z 1 through  III-23. 

3.  11  RAMJET  INLET  DATA  (NAMINM)  DESCRIPTION 

Two-dimensional  inlet  sizing  and  performance  data  are  input 
through  NAMINM.  Inlet  performance  data  include  maps  of  inlet  additive 
drag,  mass  flow  ratio,  and  pressure  ratio  versus  both  Mach  number  and 
pitch  angle.  Input  of  the  inlet  maps  is  completely  parallel  to  input  of  the 
ramjet  fuel  maps.  Either  NAMELIST  or  formatted  deck  input  is  per- 
mitted, and  the  steps  in  assembling  inlet  data  are  identical  to  the  steps 
described  in  Section  3.  10  for  the  fuel  maps,  where  variable  names  can  be 
correlated  through  Figure  III -11. 

The  following  ZIP  codes  direct  the  CGSM  executive  modules  to 
read  inlet  data  (see  Section  1.0  for  ZIP  code  formats): 

ZIP  CODE  INPUT  OPTION 

6 661  0 Read  sizing  list  and  critical  map  using 

NAMINM 

6 662  0 Read  sizing  with  NAMINM  then  read 

critical  map  deck 

NAMELIST  input  cards  follow  the  ZIP  card,  while  deck  cards  follow  the 
NAMELIST. 

Two-dimensional  inlet  sizing  and  map  formatting  is  discussed 
further  in  Vol.  HID,  Appendix  E.  A complete  definition  of  NAMINM  list 
parameters  is  included  as  Figure  III  - Z 5 . 

3.  12  NAMBYP  DESCRIPTION 

Optional  bypass  input  data  are  loaded  through  NAMBYP. 

Certain  computational  steps  can  be  bypassed  in  favor  of  user  input 
of  key  parameters  without  otherwise  interrupting  t lie  computation  flow. 

Individual  steps  which  may  be  bypassed  are  discussed  here.  Bypassing 
of  multiple  steps  then  can  be  constructed  as  combinations  of  single  by- 
pass steps. 
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The  trajectory  simulation  step  can  be  bypassed  with  an  input  of 
KBYVP=1.  This  option  is  useful  during  the  initial  steps  of  an  analysis, 
when  the  propulsion  system  design  may  be  loosely  defined.  No  NAMBYP 
input  is  required  to  bypass  the  trajectory  other  than  KBYVP=1. 

Computation  of  aerodynamics  coefficients  tables  can  be  bypassed 
by  input  of  KBYDRG  > 0 in  NAMBYP.  No  further  input  is  required  if 
KBYVP=1  also;  however,  if  the  trajectory  step  is  to  be  executed,  the 
NAMBYP  input  must  also  include  the  SMACH1,  SMACH2,  SMACH3, 
SMACH4  , SMACH5,  CLALF1,  CLALF2  , CLALF3  , CLALF4,  CLALF5  , 
DMACH1,  DMACH2 , DMACH3 , DMACH4,  DMACH5,  CD0-1 , CD02,  CD03, 
CD04,  and  CD05  arrays.  Ramjet  sizing  requires  computation,  or  input, 
of  design  point  lift  and  drag  coefficients . Those  coefficients  are  com- 
puted in  the  CGSM  when  KBYDRG  is  zero  or  one;  however,  KBYDRG  = 2 
causes  all  ramjet  aerodynamics  steps  to  be  bypassed.  If  KBYDRG  is 
input  as  two,  the  coefficients  CD0DES  and  CLADES  must  also  be  input. 

Propulsion  sizing  can  be  bypassed  by  input  of  KBYPSM  = 1 through 
NAMBYP,  along  with  a set  of  propulsion  sizing  and  performance  terms. 
Parameters  included  in  that  data  set  are  dependent  on  propulsion  system 
type  and  the  choice  of  other  bypass  options.  If  aerodynamics  tables  are 
computed,  input  must  include  BEXIT,  SEXIT,  XCGD1,  XLBDY,  and 
XNOZ.  If  a trajectory  is  to  be  integrated  and  a turbojet  or  liquid  or  solid 
rocket  is  specified,  input  includes  DROPST,  SEXIT,  SUSWP,  TVACMN, 
TVACMX,  XTHRTL,  and  YISP.  If  a trajectory  is  to  be  flown  and  a ram- 
jet is  specified,  input  includes  DR£>PST,  ACA3,  A5A3,  A6A3,  SEXIT, 
and  SUSWP.  If  a trajectory  is  to  be  flown  and  the  missile  includes  a 
boost  stage,  input  includes  BEXIT,  BISPV,  B0)(2WP,  BTHVAC,  and 
DR(DPEB.  The  complete  input  list  for  a propulsion  bypass  must  be 
selected  from  the  parameters  named  above  for  each  JOB. 

Bypass  options  are  useful  for  conserving  computer  time  and 
for  "extending  " CGSM  methodology  to  include  options,  systems. 
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subsystems,  or  data  which  are  not  currently  programmed.  A detailed 
definition  of  NAMBYP  list  items  is  included  as  Figure  III-27.  Pre- 
stored values  are  primarily  zeros.  If  the  NAMBYP  list  is  not  loaded 
at  all,  prestored  data  instruct  the  CGSM  to  execute  all  steps  with  no  by- 
passing. Independent  variables  for  the  NAMBYP  data  tables  should  be 
monotonically  increasing. 

3.13  NAMVPM  DESCRIPTION 

Input  to  the  vehicle  performance,  or  trajectory,  computation 
steps  of  the  CGSM  is  through  NAMVPM.  That  input  can  be  grouped 
into  single  valued  parameters  which  control  the  trajectory  integration, 
single  valued  parameters  which  define  initial  conditions  and  flight 
constraints,  and  arrays  which  define  phase  controls.  Initial  conditions 
and  flight  constraints  appear  in  NAMVPM  and  also  in  the  SUPER  NAME- 
LIST.  Parameters  in  that  dual  input  set  are  ALTI,  FARMAX,  GAMMAI, 
MOPT , NCPHAZ,  NDPHAZ , NLPHAZ , TPCMGN,  TT4MAX,  VELI,  and 
X MACH I.  Those  parameters  are  listed  under  SUPER  for  convenience 
in  stacking  cases;  however,  all  should  be  input  under  NAMVPM  initially. 

The  user  may  specify  that  one,  or  as  many  as  five,  trajectories 
be  flown  for  each  synthesized  missile.  The  procedure  for  requesting 
multiples  includes  the  following  steps. 

(1)  Assemble  the  CGSM  data  deck  with  a NAMVPM  list 
containing  all  list  items  for  trajectory  number  one. 

Use  the  ZIP  code  "ZIP  615  1"  (see  Section  1.0  for 
formats). 

(2)  Place  an  additional  NAMVPM  list  after  the  list 
described  in  step  (1)  but  before  the  SUPER  list.  Use 
the  ZIP  code  "ZIP  615  2". 

(3)  Place  additional  NAMVPM  lists  in  the  deck  (up  to  a total 
of  five  trajectories)  after  the  first  trajectory  list  but 
before  SUPER.  In  each  case  use  "ZIP  615  n",  where 

n is  the  trajectory  number. 


The  order  in  which  trajectories  2 through  n are  loaded  is  not  constrained 
since  the  trajectory  number  (which  is  used  to  store  and  retrieve  list 
items)  is  loaded  on  the  ZIP  card.  A comprehensive  set  of  data  is  stored 
for  each  trajectory,  including  VELI,  XMACHI,  GAMMAI,  ALTI,  MQ5PT, 
NLPHAZ,  NCPHAZ,  and  NDPHAZ,  as  well  as  all  of  the  phase  data  arrays. 
All  of  those  parameters  must  be  set  for  the  first  trajectory  (prestored 
values  may  be  used  if  desired).  Parameters  input  for  trajectory  no.  1 
then  carry  over  to  the  next  NAMVPM  list,  so  that  input  for  trajectory  no. 

2 may  be  limited  to  changes  desired  from  no.  1 to  no.  2.  In  like  manner, 
input  loaded  for  trajectory  n is  available  for  trajectory  n+1.  The  com- 
plete set  of  trajectories  carries  over  when  cases  are  stacked.  When 
multiple  trajectories  are  input,  the  CGSM  assigns  each  trajectory /design 

combination  as  a separate,  screenable  concept. 

The  user  may  specify  as  many  as  20  trajectory  phases  to  be  flown, 

and  may  define  path  controls  and  termination  constraints  for  each  phase. 

A phase,  in  the  CGSM  terminology,  is  an  interval  of  flight  during  which 
path  controls  and  termination  controls  are  fixed.  Termination 
controls  may  be  independent  of  path  controls,  as  in  the  case  of  any  phase 
where  termination  is  at  fuel  depletion,  or  those  controls  may  be  coupled. 
An  example  of  the  latter  case  is  when  the  missile  is  directed  to  fly  an 
altitude  profile  and  terminate  at  an  altitude  within  the  profile.  Termi- 
nation control  parameters  include  the  phase  arrays  ITERM,  FVALUE, 
TPHASE,  TTGiTAL,  and  SLC^PE.  Remaining  phase  parameters  are 
used  for  path  control. 

Input  to  the  CGSM  vehicle  performance  model  is  broken  into 
phases  to  reduce  input  complexity  and  increase  the  visibility  of  the 
resulting  trajectory.  The  actual  numerical  integration  is  conducted 
step-by-step  using  "current"  path  and  termination  controls  and  a 
"current"  state  vector,  however,  and  this  integration  must  cross  from 
phase  to  phase  until  the  complete  trajectory  is  flown.  Conflicting 
requirements  between  two  consecutive  phases  may  result  in  a transi- 
tion period  in  which  excessive  demands  are  placed  on  the  missile,  or 
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on  the  control  logic,  ar.d  may  result  in  termination  of  the  integration  at 
that  point.  The  performance  model  has  the  capability  to  recover  from 
many  such  situations  (for  example,  the  missile  may  be  pitched  down  in  an 
attempt  to  pick  up  speed  if  CGSM  logic  detects  that  current  velocity  is 
inadequate  for  the  current  path  control  option).  The  CGSM  will  not  change 
phases  when  recovery  is  attempted  since  its  objective  is  to  search  for 
and  enforce  conditions  which  meet  the  "current"  control  options.  The 
user  should  construct  phase  controls  to  allow  a reasonable  transition 
period  between  phases.  Recovery  attempts  can  be  recognized 
in  the  detailed  trajectory  output. 

1 he  user  may  inadvertently  request  a set  of  trajectory  phases 
which  the  synthesized  missile  is  incapable  of  flying.  In  that  eveni 
CGSM-recovery  logic  will  take  over  and  attempt  to  salvage  the  phase. 

If  phase  termination  conditions  are  met  during  the  recovery  attempt, 
the  phase  is  terminated  and  the  CGSM  exits  from  the  recovery  mode 
and  proceeds  to  integrate  the  next  phase.  Following  this  chain  of 
events,  if  the  integration  logic  can  then  readily  meet  "curren1  1 path 
controls,  the  entire  trajectory  may  be  flown  and  registered  as  a suc- 
cess. If  the  missile  never  completely  recovered  from  its  control  pro- 
blems in  that  early  phase,  the  resultant  trajectory  may  have  been  de- 
graded, and  may  be  unacceptable  to  the  user  (subject  to  a value  judge- 
ment). The  degradation  may  take  the  form  of  a cruise  phase  which  is 
flown  at  an  altitude  or  velocity  which  is  slightly  under  requirements. 

If  ouch  conditions  arise,  the  user  rgay  modify  the  missile  design  through 
the  design  point  parameters  in  NAMBOO,  NAMEXB,  NAMSR,  NAMLR, 
NAMTJ,  NAMRJS,  SUPER,  etc.,  or  may  modify  trajectory  requirements. 

Most  of  the  CGSM  path  control  options  require  the  user  to 
input  tabular  data  through  CONI,  and  COND..  Those  tabular  data 
completely  define  the  flight  path  for  the  phase.  This  is  true  of  path 
options  accessed  by  ICONT=l,  2,  3, ....  11,  and  is  true  for  ICONT  = 12 
if  MHGEN=0  for  a given  phase.  Three  path  control  options,  however, 
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offer  internally  computed  path  control.  A constant  altitude  cruise  phase 
can  be  accessed  by  setting  ICONT  = 13  for  the  phase  of  interest.  In  the 
integration  of  cruise  phases,  the  CGSM  controls  sustainer  thrust  so  that 
it  matches  the  thrust  required  to  fly  the  missile  at  the  desired  altitude. 
Setting  ICONT  = 12  and  MHGEN  = 1 during  a phase  causes  the  CGSM  to 
generate,  and  fly,  an  altitude  versus  Mach  number  schedule.  A climb 
is  normally  transitioned  into  a level-off  phase  by  terminating  the  climb 
phase  with  an  ITERM  value  of  7.  The  level-off  phase  (specified  by 
ICONT  = 14)  regulates  vehicle  load  factor  and  sustainer  thrust  to  main- 
tain a desired  Mach  number  while  causing  the  flight  path  angle  to  become 
zero  at  the  same  time  that  the  required  cruise  altitude  is  reached. 

Success  of  the  climb  and  level-off  phases  depends  on  the  user's 
selection  of  a level-off  load  factor  with  which  to  terminate  the  climb 
under  the  ITERM  = 7 option.  At  each  integration  step  during  the  climb 
phase,  the  load  factor  required  to  level  off  is  computed  based  on  the 
"current"  state  vector.  The  climb  phase  is  terminated  when  that 
required  load  factor  equals  the  input  final  value  (FVALUE),  and  the 
CGSM  immediately  transitions  into  the  level-off.  Acceleration  normal 
to  the  missile  path,  a^,  is  computed  at  each  step  as: 


- h 


N 


2 8, 


A h 


where: 

h is  altitude  rate, 

Ah  is  cruise  minus  current  altitude 
and  is  the  acceleration  due  to  gravity  (sea  level). 

The  user  can  select  a level-off  load  factor  for  input  as  FVALUE  by 
reference  to  the  following  relationship: 
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F VALUE 


1.0 


or 

V . 

, ~ sin 

F VALUE  = 1.0  - -z—— 

2 E 

hO 

since  h = V sin  ^ , 

where  V = reference  velocity  (ft/sec) 

Tf  = reference  path  angle  (deg) 

ALTF=  cruise  altitude  (ft) 
and  h = reference  altitude  (ft) 

This  represents  the  load  factor  required  to  level  off  starting  at  the  point 
defined  by  V,  T , and  h,  and  ending  at  an  altitude  defined  by  ALTF. 
Transition  from  a climb  to  a level  off  is  generally  at  negative  or  zero 
load  factors,  while  positive  load  factors  must  be  used  for  transition 
from  a dive  to  a level -off. 

All  NAMVPM  list  parameters  are  defined  in  Figure  111-28. 
Prestored  values  are  designated  on  that  figure.  Ail  except  integration 
control  variables  are  prestored  as  zero. 

3.14  SUPER  DESCRIPTION 

A supervisory  NAMELIST  has  been  included  and  labeled  SUPER. 
That  list  includes  a collection  of  the  most  often  varied  inputs  to  the  pay  - 
load,  wing,  tail,  airframe,  propulsion  system,  and  inlet  sizing  modules 
and  to  the  trajectory  and  aerodynamics  computation  modules.  The 
SUPER  list  is  intended  to  facilitate  the  stacking  of  cases  by  reducing 
the  number  of  lists  which  must  be  loaded  for  the  second  and  subsequent 
cases.  NAMELIST  SUPER  is  loaded  with  a ZIP  code  of  "ZIP  11  1 1"  or 
"ZIP  111"  (see  Section  1.0  for  formats).  Loading  of  that  ZIP  card  and  its 
SUPER  list  automatically  starts  the  missile  synthesis.  SUPER  list  items 
are  defined  in  Figure  III-29.  Prestored  values  are  included  on  that  figure. 
3.  15  NAMSCR  DESCRIPTION 

Screening  control  data  are  input  through  NAMSCR.  A definition 
of  list  items  is  included  as  Figure  UI-30. 
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FIGURE  III  - 12 

CGSM  INPUT  - I/O  CONTROL  OPTIONS 
(NAM  1 NAMELIST) 


VARIABLE 

LAIR 

ICOST 


INPR1N 

IPRP(l) 

1PRP(2) 

IPRP(3) 

IPSM 


IVP 


DEFINITION 

Aerodynamic  output  control  option  -1 
= 0 No  output 

= -1  Detailed  output  for  each  concept 

Relative  cost  output  control  option  -1 
= 0 No  output 

= -1  Summary  output  for  each  concept 
= 1 Detailed  output  for  each  CER  for  each  concept 

NAMELIST  output  control  option  [1] 

= 0 Do  not  print  NAMELIST  lists 
= 1 Print  each  list  as  it  is  input 

ZIP  output  control  [l] 

= 0 Do  not  output  ZIP  cards 
= 1 Print  ZIP  cards  as  input 

Basic  Table  output  control  [l] 

= 0 Do  not  output  Basic  Tables 
= 1 Print  tables  as  input 

Column  heading  output  control  [l] 

= 0 Do  not  print  column  headings 

= 1 Print  headings  of  Basic  Tables  as  they  are  input 

Propulsion  sizing  output  option  [-1] 

= 0 No  output 

= -1  Output  detailed  data  during  siring  for  each 
con  cept 

= -2  Summary  output  during  sizing  plus  off  design 
table 

Trajectory  output  control  option  [-1] 

5 0 No  output 

= -1  Output  detailed  data  on  missile  trajectory 
during  vehicle  performance  computation 
= -2  Same  as  -1  option  plus  output  of  climb 
schedule 
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FIGURE  IH-12  (Cont'd.  ) 


VARIABLE 


DEFINITION 


KFIL12* 


NPAGE 


Suppression  flag  for  File  12  data  storage  0 
= 0 Store  data  on  File  12  for  screening 
= 1 Suppress  File  12 

Initial  page  number  for  labeling  output  3 


i 


* KFIL12  may  be  set  to  1 when  screening  is  not  required, 
time  for  that  JOB  will  be  reduced  substantially. 


and  the  run 
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FIGURE  III  - 1 3 


VARIABLE 
ALT  V(I),  1 = 1 

ARVT 

••^FACTOR 

FSQiVCT 

FSG&VCW 

FSCflVVT 

GULT 

ILUG 

*TPLANT 


*IPLAN  W 


IWTS 


1 


CGSM  INPUT  - CONFIGURATION  TERMS 
(NAMCNF  NAMELIST) 

DEFINITION 

10  Altitude  values  to  be  used  in  generating  the  lift/' 

drag  coefficient  tables  [0, 40000  , 100000,  7 0 ft.  ] 

Aspect  ratio  of  the  vertical  tail  panel  [.99] 

Base  annulus  sizing  parameter  [0.  5] 

Ratio  of  flat  section  length  over  tail  chord  [0.  ] 

Ratio  of  flat  section  length  over  wing  chord  [0.] 

Ratio  of  flat  section  length  over  vertical  tail 
chord  [ 0. ] 

Maximum  normal  load  factor  for  wing/tail  weight 
computations  [10.] 

Launch  lug  code  [0] 

= 0 No  lugs 
= 1 Launch  lugs  used 

Tail  planform  input  options  [1] 

= 1 Input  aspect  ratio  (ART,  ARVT)  and  taper 
ratio  (TRT,  TRVT  ) 

= 2 Input  aspect  ratio  and  leading  edge  sweep 
(SLET,  SLEVT ) 

= 3 Input  aspect  ratio  and  design  Mach  number 
(RMDES) 

= 4 Input  aspect  ratio,  taper  ratio  and  non-zero 
trailing  edge  sweep  (STET,  STEVT) 

Wing  planform  input  options  [l] 

= 1 Input  taper  ratio  (TRW) 

= 2 Input  leading  edge  sweep  (SLEW) 

= 3 Input  design  Mach  number  (RMDES) 

= 4 Input  taper  ratio  and  non -zero  trailing  edge 
sweep  (STEW) 

Wing  and  tail  weight  computation  options  [3] 

= 1 Use  input  wing  weight  (WWINGI)  and  tail 
weight  (WTI) 

= 2 Computes  weights  using  area  times  density 
(WOVAT,  WOVAHT,  WOVAVT,  and  WOVAW) 

= 3 Compute  weights  using  empirical  formulae 
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FIGURE  IU- 13  (Cont'd.) 


VARIABLE 

NALT 

NRM 

PANWHT 
PAN  WT 
PANWVT 
RL5 

RMDES 
RMV(I)  1 = 1,  20 

RX  ENT 

RXINVT 

RXINW 

SLET 

SLEVT 

SLEW 

*STET 

*STEVT 

-STEW 

THETAC 

TRAT 

TRAVT 

TRAW 

TRT 


DEFINITION 

Number  of  altitudes  to  be  used  in  generating  the 
lift/drag  coefficient  tables  [3] 

Number  of  Mach  numbers  to  be  used  in  generating 
the  lift/drag  coefficient  tables  [6] 

Horizontal  tail  panel  weight  - lb.  [25] 

Cruciform  (or  triform)  tail  panel  weight  - lb.  [20] 

Vertical  tail  panel  weight  - lb.  [25] 

Location  of  intersection  of  wing  leading  edge  and 
body  in  percent  of  total  missile  length  50.  in 

Wing  design  Mach  number  2.  0 

Mach  numbers  to  be  used  in  generating  the  lift/drag 
coefficient  tables  [.4,  .9,  1,  1.5,  2,  4,  14*0] 

Location  of  maximum  thickness  of  tail  chord  relative 
to  tail  leading  edge  (L.  E.  ) in  fraction  of  tail  chord 

[0.5] 

Location  of  maximum  thickness  of  vertical  tail 
chord  [0.5) 

Location  of  maximum  thickness  of  wing  chord  [0.  5] 

Tail  leading  edge  sweep  angle  [38  deg.] 

Vertical  tail  leading  edge  sweep  angle  [45  deg.] 

Wing  leading  edge  sweep  angle  [50  deg.  ] 

Tail  trailing  edge  sweep  angle  [0  deg.  ] 

Vertical  tail  trailing  edge  sweep  angle  [0.  deg.] 
Wing  trailing  edge  sweep  angle  [0.  deg.] 

Nose  cone  half  angle  - rad.  [.  165] 

Tail  thickness  ratio  (thickncs s/chord)  f.  04] 

Vertical  tail  thickness  ratio  [.  05] 

Wing  thickness  ratio  [.05] 

Tail  taper  ratio  (tip  chord /root  chord)  [0.  32] 
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DEFINITION 


Vertical  tail  taper  ratio  [0.4] 

Wing  taper  ratio  [0.  3] 

Fraction  of  input  tail  area  to  be  allocated  to 
the  vertical  tail  [.  5] 

Weight  of  horizontal  tail/tail  area  [6  psf] 

Unit  weight  of  skin  enclosing  payload  and 
propulsion  sections  [5.  lb/sq.  ft.  area] 

Weight  of  tail/tail  area  [6  psf] 

Weight  of  vertical  tail/vcrtical  tail  area  [6  psf] 

Wing  weight/wing  area  [6  psf] 

Tail  weight  used  if  IWTS  =1  [25  1b.] 

Wing  weight  used  if  IWTS  = 1 [50  lb.  ] 

Payload  compartment  skin  weight  control  option  [0] 
= 1 when  skin  weight  is  computed  using  WOVAST 
= 0 when  skin  weight  is  computed  using  ZSKINI 
= -l  when  skin  weight  is  input  as  ZWSKIN 

Skin  thickness  used  in  computing  payload  and 
propulsion  section  skin  weights  [0.  4 in.  ] 

Payload  skin  weight  [1  lb.] 


* Trailing  edge  sweep  angle  must  be  zero  unless  IPLANT  = 4 (for  tails) 
or  IPLANW  = 4 (for  wings).  IPLANT  controls  both  horizontal  and 
vertical  tail  panels. 

**  FACTOR  is  used  to  compute  the  boattailed  base  diameter  according  to 
the  equation: 

DIAM  = DEXIT  + (D3  - DEXIT  )=:  FACT  <3 R 
where  DEXIT  = nozzle  exit  diameter, 

and  D3  = diameter  of  propulsion  section. 


VARIABLE 

TRVT 

TRW 

VTALOC 

WOVAHT 

WOVAST 

WOVAT 

WOVAVT 

WOVAW 

WTI 

WWINGI 

ZPdPT 


ZSKINI 

ZWSKIN 
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VARIABLE 

BCLR 

CLRA 

CLRF 

DELVX 

FCLR 

GCLR 

KLNCH 

KMAIR 

PAKSUB 

RATCLR 

REHTUB 

THEAD 

THEBST 

TUBTHK 

KMTAIL 

WINGCL 

WTMAX 

XLTMAX 


CGSM  INPUT  - LAUNCHER  PACKAGING  TERMS 
(NAMPAK  NAMELIST) 

DEFINITION 

Clearance  between  booster  case  and  missile  1.0  in. 
Aft  clearance  in  surface  launch  tube  6 in. 

Forward  clearance  in  surface  launch  tube  6 in. 
Upper  clearance  6 in. 

Fuselage  height  above  deck  for  air  launch  system 
60  in. 

Minimum  ground  clearance  for  air  launch  system 
12  in. 

Launch  platform  option 
= 0 For  surface  (tube)  launch 
= 1 For  air  launch 

Air-launched  mounting  option  2 
= 1 Mount  in  fuselage 

= 2 Mount  on  wings 

Fraction  of  missile  submerged  in  the  launcher  fuse- 
lage (used  when  KMAIR  = 1)  relative  to  the  missile 
radius  0 

Rattle  space  clearance  2 in. 

Ellipse  ratio  of  tube  heads  2 
Tube  head  thickness 

Booster  attachment  angle  relative  to  vertical  plane 
40  deg. 

Tube  thickness  4 in. 

Air  launch  orientation  option  2 
= 1 Mount  with  vertical  tail  up 

= 2 Mount  with  vertical  tail  down 

Wing  clearance  above  deck  for  air  launch  systems 
90  in. 

Maximum  missile  weight  20,000  lbs. 

Maximum  launched  missile  length  500  in. 
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FIGURE  III- 14  (Cont'd.  ) 


VARIABLE  DEFINITION 

DTUBMX  Maximum  tube  diameter  50  in. 

XLTBMX  Maximum  tube  length  500  in. 

ZPYLON  Pylon  depth  18  in. 


Ill  - 5 2 
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FIGURE  IU-15 

CGSM  INPUT  - GENERAL  BOOSTER  PARAMETERS 
(NAMB0O  NAMELIST) 


VARIABLE 

ABM 

AER 

AFAT 

AIT 

ASL 

ASM 

ASWM 

*CASEM 

CSTAR 

DENI 

DLFS 

EAR 

EPI 

ETAX 

FBM 

FCWM 

FER 

FIT 

FJ 

FMPAH 

FSL 

FSULX 

FSWM 

FSYLX 

GAM 

CMAX 


DEFINITION 
Aft  boss  multiplier  0. 

Aft  ellipse  ratio  2. 

Port-to -throat  area  ratio  1.5 
Aft  insulation  thickness  .09  in. 

Aft  skirt  length  2.  in. 

Aft  skirt  multiplier  1. 

Aft  skirt  weight  multiplier  0. 

Case  material  code  8 

Characteristic  exhaust  velocity  4779.  fps 
Insulation  density  . 1615  lb/cu.  in. 

Skirt  extension  length  [0.  in. ] 

Entrance  area  ratio  [2.] 

Nozzle  expansion  ratio  [10] 

Volumet ric  loading  [.9] 

Forward  boss  multiplier  [1.] 

Forward  closure  weight  multiplier  [1.] 
Forward  ellipse  ratio  [2.] 

Forward  insulation  thickness  [.  05  in.  ] 
Thrust  coefficient  [.96] 

Percent  aft  dome  propellant  [.  5] 

Forward  skirt  length  [0.  0 in.  ] 

Ultimate  factor  of  safety  [1.4] 

Forward  skirt  weight  multiplier  [0.] 

Yield  factor  of  safety  [1. 2] 

Propellant  ratio  of  specific  heats  [1.  18] 
Maximum  acceleration  [30.  g] 
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FIGURE  III- 1 5 (Cont'd.) 


VARIABLE 

DEFINITION 

PA 

Ambient  pressure  [10  psi] 

PBELL 

Fraction  bell  nozzle,  adjusted  where  1.  = 
pe rcent  bell  [ 1 . ] 

100 

PC 

Chamber  pressure  [1070  psi] 

PCM 

Maximum  chamber  pressure  [2000  psi] 

PHI 

Nozzle  half  angle  [21  deg.] 

PSUB 

Percent  nozzle  submerged  [0] 

R BOSS 

Ratio  of  ignitor  boss  area  to  throat  area  | 

:.s] 

RHOP 

3 

Propellant  density  [.0628  lb/in  ] 

R MAS  W 

Miscellaneous  aft  skirt  weight  [0.  lb.  ] 

RMAW 

Miscellaneous  aft  weight  [0.  lb.] 

RMCW 

Miscellaneous  cylinder  weight  s [0.  lb.] 

RMFSW 

Miscellaneous  forward  skirt  weight  [16  lb.] 

RMFW 

Miscellaneous  forward  weight  [0.  lb.  ] 

RMIW 

Ignitor  weight  multiplier  [.  3] 

RNBWM 

Nozzle  boss  weight  multiplier  [2.42E-6] 

RNEC 

Nozzle  exit  cone  exponent  [6.8E-10] 

RNECC 

Nozzle  exit  cone  multiplier  [2.864E-6] 

RNECl 

Nozzle  exit  cone  weight  exponent  [.8] 

RNEC2 

Nozzle  exit  cone  weight  exponent  [1.] 

RNEC3 

Nozzle  exit  cone  weight  exponent  [1.7] 

RNMW 

Nozzle  miscellaneous  weight  [5  lb.] 

RNRM 

Nozzle  retainer  multiplier  [0.] 

RNTM 

Nozzle  throat  multiplier  [1.216E-4] 

RNTWM 

Nozzle  throat  weight  multiplier  [1.834] 

SAW 

Safing  and  arming  weight  [0.  0 lb.  ] 

SEM 

Skirt  elasticity  modulus  [1.E7] 
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FIGURE  III  - 1 5 (Cont'd.) 


VARIABLE 

DEFINITION 

TCASEF 

Case  temperature 

900  ” R 

TL 

Linear  thickness 

. 09  in. 

TMIN 

Minimum  case  thicl 

kness  . 07 

in. 

TR 

Tandem  combustor 

structural 

thickness 

TTH 

Nozzle  entrance  ar 

•c  [45  deg. 

] 

VRFH 

Forward  void  area 

[0.] 

* Material  codes  include:  6 - AZ31B-0  magnesium 

1 - AISI  150  psi  steel  7 - 6AL-4V  titanium 

2 - AISI  200  psi  steel  8 - Rene  41 

3 - 300  gr  maraging  steel  9 - WC129Y  Columbium 

4 . l7-4Ph  stainless  10  - Glass  fabric  epoxy  laminate 

5 - 2014-T6  aluminum  11  - Filament  wound  glass  epoxy 

**  These  terms  are  required  only  for  tandem  ramjet  propulsion  system 
sizing. 
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Figure  III-16 

CGSM  INPUT  - EXTERNAL  BOOSTER  TERMS 
(NAMEXB  NAMELIST) 


VARIABLE 

Cl 

C2 

C3 

C4 

C 5 

C6 

CLEAR 

EL 

♦MTLRAM 

RHOENT 

RHOEXT 

RHOIN 

RHOTHT 

RHOX 

TEMPC 

TENT 

TEX  IT 

TEXTER 

THETA 

TINAFT 

TINS 

TMINC 


DEFINITION 

Dump  boss  multiplier  []  1 . 1 ^ 

Skirt  weight  multiplier  1.  l] 

Attach  ring  multiplier  [_  1 . 1 
Miscellaneous  forwa rd  weight  [_2  lbs.] 
Miscellaneous  cyl.  weight  [ 2 lbs,]] 
Miscellaneous  aft  weight  ^2.  lbs.  , 

Clear  area  between  missile  and  tanks  [_2.  5 in.l 

Ellipse  ratio  ^ 2 j 

Combustor  material  code  ^*2  "] 

Entrance  density  J3.  04  lb/in^j 

r 3" 

Exit  cone  density  i_0.  04  Ib/in  j 

r 3' 

Internal  insulation  density  >0.065  Ib/in 
r , 3~ 

Throat  density  _0.  05  Ib/in 

f 3 “I 

External  insulation  density  J3.  C2  Ib/in  J 
Case  design  temperature  [j?00°R 
Entrance  insulation  thickness  [o.  2 in.] 

Exit  cone  insulation  thickness  [o.  2 in.] 
External  insulation  thickness  Co.  0 in.]] 


Entrance  arc  [45  deg.j 

Internal  aft  insulation  thickness  [^0.25  inT] 
Internal  insulation  thickness  []o.25  in.]] 
Minimum  sidewall  thickness  []o.  05  in.J 


Figure  III-16  (Cont'd.) 


VARIABLE 
TMIND 
TTHROT 
W HARKS 
XSTAR 


DEFINITION 

Minimum  dome  thickness  []0.  05  in.]] 
Throat  insert  edge  thickness  Q).  2 in.] 
Weight  of  attach  harness  £o.  lb.] 
Characteristic  length  ( L*)  []60  in.] 


* Material  codes  include: 

1 - AISI  150  psi  steel 

2 - AISI  200  psi  steel 

3 - 300  gr  maraging  steel 

4 - 17-4  Ph  stainless 

5 - 2014-T6  aluminum 

6 - AZ31B-0  magnesium 

7 - 6AL-4V  titanium 

8 - Rene  4 1 

9 - WC129Y  Columbium 

10  - Glass  fabric  epoxy  laminate 

11  - Filament  wound  glass  epoxy 
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FIGURE  111-17 

CGSM  INPUT  - SOLID  ROCKET  SIZING  TERMS 
(NAMSR  NAMELIST) 


VARIABLE 

DEFINITION 

AIAT 

Igniter  to  throat  area  ratio  [0.25j 

APAT 

Port  to  throat  ratio  £l.  5 J 

ETACF 

Thrust  coefficient  efficiency  £.97j 

EXPBR 

Burn  rate  exponent  [J.  82  J 

PBELS 

Percent  bell  nozzle  £ 80  ]] 

PHINQiZ 

Nozzle  exit  cone  half  angle  [J  1 5 deg.^ 

REAH 

Ellipse  ratio  of  aft  head  £ 2 ]] 

REFH 

Ellipse  ratio  of  forward  head  [ 2.  ] 

RH0ISS 

Insulation  density  Q0.  036  Ib/cu.  in.  ^ 

RHC5MTL 

Structural  material  density  £o.  283  Ib/cu.  in, 

RH0S 

Propellant  dens ity  £ 0.062  lb/cu.  in.T 

SIGMTL 

Material  strength  []  260 , 000  lb/ sq.  in. 3 

TIC 

Cylinder  insulation  thickness  ^O.  1 in.^ 

TRATI0 

Throttle  ratio  (maximum  thrust/minimum 
thrust)  [J  1 0 J 

WMS(3L 

Miscellaneous  weight  in  solid  motor  £ 0.  lb. 

ETSISP 

Specific  impulse  efficiency  0.  95 

CSTAR1,  CSTAR2 

Coefficients  used  in  computing  characteristic 
exhaust  velocity  with  the  following  equation: 

CSTAR  = CSTARl*ALOG(PC)  + CSTAR2 

where  PC  is  chamber  pressure  in  psf 

37.,  4946. 

Figure  III-  18 

CGSM  INPUT  - LIQUID  ROCKET  SIZING  TERMS 
(NAMLR  NAMELIST) 


VARIABLE 

DEFINITION 

DBT 

Length  of  space  between  fuel  and  oxidizer 
tanks  [0  in.] 

ETACL 

Thrust  coefficient  efficiency  [0.97] 

ETAISP 

Specific  impulse  efficiency  [O.  92] 

EXS1 

Nozzle  expansion  ratio  £ 8.  ] 

ITANK 

Tank  design  option  [ l] 

= 1 for  embedded  tanks 
= 2 for  separate  tanks 

I WTANK 

Tank  wall  thickness  computation  option  [ 
= 1 to  compute  wall  thickness  using  prc 
constraints.  # 

= 0 to  compute  thickness  using  bending 
equation  s . 

= -1  when  thickness  is  input  as  TCWI. 

METAL 


PI,  P2,  P3,  P4, 
P5,  P6,  P7,  P8 


PBELLL 

PSTAR 

PT 

PV(2X 

REH 

RHG)F 

RHCjtfX 


Structural  material  code  []  3 ] 

= ] for  aluminum 
= 2 for  titanium 
= 3 for  steel 

Constants  used  to  compute  characteristic 
exhaust  velocity,  as  follows: 


P2  P4 

C*  = P1(P  ) -P3(P  ) 

c c 


P6 

P5(Pc)  -Mr| 


(P74P8(P  )) 

C 


where  P is  chamber  pressure  and  M ig  mixture  ratio 
c K . 5-1 

[5511, . 00546, 176. 96, . 03649, 1.7, . 0378. 1.468, 6x10  J 

Percent  bell  nozzle  [[  80.  J 

Thruster  characteristic  length  (L*)  C75-  in-  ] 

Chamber  cylinder  length/diameter  ^1.5] 

Oxidizer  vapor  pressure  Q 1 7 . 2 psi] 

Tank  head  ellipse  ratio  £ 2 
Fuel  density  Q49.  05  Ib/cu.  ft.]] 

Oxidizer  density  []89.42  lb/cu.ft.]] 
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VARIABLE 

SAFAC 

TCWI 

TFRAC 

TRATIL 

WMISCL 

WtfVACl 

WC&VAC2 

WC5VAN1 

W&V  AN2 

X0LMIS 


DEFINITION 


Factor  of  safety  used  in  tank  wall  thickness 
computations  [l.2 
[used  when  IWTANK  = l] 

Tank  wall  thickness  used  if  IWTANK  = -1  [0.05  in.J 

Ratio  of  tank  diameter  to  missile  airframe 
diameter  [ 1 . 0 j 

Throttle  ratio  (maximum  thrust/minimum  thrust) 

Do  1 

Miscellaneous  propulsion  system  weight  (J  0.  0 lb._ 

Chamber  cylinder  weight  per  unit  area 
058  1 Ib/sq.  in.  ^ 

Nozzle  inlet  weight  per  unit  area  [.  0581  Ib/sq.  in.^] 

Nozzle  weight  per  unit  area  for  expansion  ratio 
less  than  15  Qo.  02  Ib/sq.  in. 

Nozzle  weight  per  unit  area  for  expansion  ratios 
^■15  £0.006  Ib/sq. in. ^ 

Length  of  miscellaneous  equipment  section 

(to  be  located  between  tank  and  turbopump).  [0  in.  ] 


* m.io 


FIGURE  IU-19 

CCSM  INPUT  - RAMJET  SUSTAINER  TERMS 
(NAMRJS  NAMELIST) 


VARIABLE 

DEFINITION 

A6MAX 

Maximum  A6/A3  (nozzle  exit  area /combustion 
chamber  area)  [.93] 

A6MIN 

Minimum  A6/A3  [.93] 

ACMAX 

Maximum  AC /A3  (captu  re  area/combustion 
chamber  area  [1.] 

AL 

Bleed  fraction  [.03] 

ANN 

Nozzle  efficiency  [-97] 

CDB 

Burner  drag  coefficient  [0.  ] 

CLX 

Clear  area  between  fuel  management  bay  and 
booster  [1  in  . ] 

CNM 

Nozzle  mass  flow  coefficient  [.978] 

DELT4 

Combustion  temperature  search  interval  [100.] 

DROF 

Change  in  fuel  density  per  degree  change  in 
temperature  [ 0.0  ib/cu.  in.  per  °R  ] 

EDR 

Ellipse  ratio  [ 2.  ] 

EEXP 

Expulsion  efficiency  [.9] 

EX  IN 

External  insulation  thickness  [0. 0 in.  ] 

FSLBO 

Factor  of  safety  on  lean  blow  out  [1.5] 

FT  US 

Ultimate  safety  factor  [1.25] 

FT  YS 

Yield  safety  factor  [1.  15] 

GMF 

Solid  gas  generator  mass  fraction  [.75] 

IFTYPE 

Fuel  deck  option  [0] 

= 0 to  read  specific  heat  ratio  in  NAMSPH  and  gas 
constant  NAMGSC  for  low  pressure  only 
= 1 to  read  for  three  combustor  pressures 
(PT41,  PT42,  and  PT43) 

KFM 

Fuel  management  system  option  [4] 

= 1 for  N2  stored  gas 
= 2 for  LGG  (liquid  gas  generator) 

= 3 for  SGG  (solid  gas  generator) 

= 4 for  ramair  turbine 

* rn-61 
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VARIABLE 

*MATPB 

*MATTK 

NB 

PDF 

PKD 

PN2 

PT  41 

PT  42 

PT  43 

RGD 

RHOINS 

RHORJF 

ROB 

RU 

SPPWF 

TBLAD 

TCASEC 

TFUEL 

THGG 

TMAX 

TSUS 

ULLG 

VPP 

XI 


DEFINITION 

Pressure  bottle  material  code  [2] 

Tank  material  code  [4] 

Number  of  N^  bottles  used  if  KFM  = 1 [0] 

Injector  pressure  drop  fraction  [.05] 

Inverse  of  packaging  efficiency  [2.] 

N^  pressure  [2000.  psi] 

Low  pressure  level  used  with  fuel  decks  in  NAMTRS, 
NAMSPH,  and  NAMGSC  [1060.  psf] 

Medium  pressure  level  [2116.  psf] 

High  pressure  level  [42324.  psf] 

Fuel  controller  pressure  drop  [25.  ] 

External  insulation  density  [0.0  lb/cu.in.] 

Fuel  density  [.0377  1b.  percu.in.  ] 

Bladder  density  [.  053  lb/cu.  in.  ] 

Gas  constant  (N^  or  SGG  or  LGG)  [50.] 

Secondary  power  package  weight  fraction  [o.  045j 

Bladder  thickness  [.03  in.] 

Minimum  case  thickness  [.  05  in.  ] 

Maximum  fuel  temperature  [75°f] 

Total  temperature  (SGG  or  LGG)  [2000°R] 

Maximum  case  design  temperature  [1000°f] 

Maximum  operating  time  [100.  sec.] 

Ullage  fraction  [.02] 

Volume  per  pound  of  secondary  propulsion 
package  [10.  cu.  in.] 

Clearance  between  N2  bottle  and  sidewall  used  if 
KFM=1  [0.  1 in.  ] 


J 


in -6  2 


FIGURE  III- 1 9 (Cont'd.) 


VARIABLE 
X 2 

XMG5MR 


DEFINITION 


Half  the  clearance  between  N^  bottles  used  if 
KFM  = 1 f.  05  in.  ] 

Bleed  momentum  recovery  [0.  4] 


* Material  codes  include: 

1 - AISI  150  psi  steel 

2 - AISI  200  psi  steel 

3 - 300  gr  maraging  steel 

4 - 17-4  Ph  stainless 

5 - 2014-T6  aluminum 

6 - AZ31B-0  magnesium 

7 - 6AL-4V  titanium 

8 - Rene  41 

9 - WC129Y  Columbium 

10  - Glass  fabric  epoxy  laminate 

11  - Filament  wound  glass  epoxy 


FIGURE  III -20 


CGSM  INPUT  - TURBOJET  SUSTAINER  TERMS 
(NAMTJ  NAMELIST) 


VARIABLE 

ALFTJ 

CNLPDS 

ETABDS 

ETAFDS 

ETLPDS 

HPEXT 

ID  IFF 

IMCD 

ISTR 


KENG 

SKSTR 

KTANK 

METTJ 


TJMMAX 


DEFINITION 

Design  angle  of  attack  [o  deg.] 

Turbine  design  corrected  shaft  speed  2.3/°R 

Combustor  design  efficiency  . 985 

Compressor  efficiency  . 829 

Turbine  design  efficiency  . 903 

Horsepower  extraction  0 Hp 

Diffuser  sizing  option  0 

= -1  use  input  diffuser  length  (XLDIFI) 

0 compute  diffuser  length 

Main  nozzle  design  selector  0 

= 1 use  conve rgent-divergent  nozzle  design 

= 0 use  convergent  nozzle  design 

Structure  option  1 

= 1 compute  structure  weight  based  on 

METTJ 

= 2 compute  using  WOVAST 
= 3 use  input  WSTRI 

Engine  design  option  1 
= 1 for  in-line  engines 
= 2 for  semi-submerged 

Structure  weight  multiplier  1 

Fuel  tank  option  1 

= 1 for  saddle  tank  design 
= 2 for  cylindrical  tank  only 

Structure  material  option  1 
= 1 for  aluminum 

= 2 for  titanium 
= 3 for  steel 

Maximum  Mach  number  2.  5 


OPR  Overall  pressure  ratio  8 

PCNFDS  Design  percent  shaft  speed  100 
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VARIABLE 

PRFDS 

REHTJ 

RHOTJ 

TFLPDS 

TJLMIS 

WMISTJ 

WOVATJ 

WSTRI 

XLDIFI 

YEAR 


DEFINITION 

Compressor  design  pressure  ratio 
Fuel  tank  head  ellipse  ratio  2 


Fuel  density 


50  lb/ft' 


Turbine  design  flow  function  130  lb / sec 

6R/psi 

Miscellaneous  equipment  section  length  0 in. 

Miscellaneous  equipment  weight  0 lb. 

Structure  weight  in  lb.  per  square  foot  of 
surface  area  6 lb/sq.  ft. 

Structure  weight  used  when  ISTR=3  200  lb. 

Diffuser  length  used  when  IDIFF=  -1  0 in. 

Year  of  IOC  1975 


Figure  III- 2 1 


CGSM  INPUT  - 

VARIABLE 

K2 

KK(T), 

1*1,  15 


RAMJET  FUEL  TEMPERATURE  RISE  TABLES 
( NAMTRS  NAMELIST) 

DEFINITION 

Number  of  subtables  input 
Number  of  entries  per  subtable 


TT2(I), 

1=1.  15 

FARKI.J), 

1=1, 15,  J=l, 15 

*TRLCZ(I,J), 

1=1,  15.  J=l,  15 

*TRMED(I,J), 
1=1,  15,  J=l,  15 

*TRHI  (I, J), 

1=1. 15,  J=l, 15 


Total  temperature  of  station  2 (one  value  for  each 
table  from  1 to  K2) 

Fuel  to  air  ratio  for  subtables  I and  columns  J 

Temperature  rise  at  low  combustor  pressure 
(for  subtables  I and  columns  J) 

Temperature  rise  at  medium  combustor  pressure 
(for  subtables  I and  columns  J) 

Temperature  rise  at  high  combustor  pressure 
(for  subtables  I and  columns  J) 


* Low,  medium  and  high  pressures  are  set  by  PT4l,  PT42,  and  PT43 
in  NAMELIST  NAMRJS. 

NOTE:  Prestored  values  are  listed  on  facing  pages.  Table  values 
not  shown  are  zeros. 
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FIGURE  III- 21  (Continued) 


FIGURE  III- 21  (Continued) 


l>999996qE-51i  0.9<*999,*»“E-O|/  0 , 9'59<>9«6«E.O  ) , 0 , E-Q  ) , o , , qsqsq’JfcuE 


ed) 


FIGURE  III— 21  (Continued) 


’I 

■* 

Figure  III-22 

CGSM  INPUT  - RAMJET  FUEL  SPECIFIC  HEAT  RATIO  TABLES 

(NAMSPH  NAMELIST) 

VARIABLE  DEFINITION 

K3  Number  of  subtables  input 

KL(I),  Number  of  entries  per  subtable 

1=1.  15 

TT4A(I),  Total  temperature  (one  value  for  each  table  from 

1=1,  15  1 to  K3) 

FAR2(I,J),  Fuel  to  air  ratio  for  subtables  I and  columns  J 

1=1,  15,  J=l,  15 

*GAML(}(1,J),  Ratio  of  specific  heats  for  low  combustor  pressure 

1=1,  15,  J=l,  15  (for  subtables  I and  columns  J) 

*GAMMED(I, J),  Ratio  of  specific  heats  for  medium  combustor 

1=1,  15,  J=l,  15  pressure  (for  subtables  I and  columns  J) 

*GAMHI(I,J),  Ratio  of  specific  heats  for  high  combustor 

1=1,  15,  J=l,  15  pressure  (for  subtables  I and  columns  J) 


* GAMMED  and  GAMHI  are  used  only  if  IFTYPE=1  in  NAMELIST  NAMRJS. 
Low,  medium,  and  high  pressures  are  set  by  PT41,  PT42,  and 
PT43  in  NAMRJS. 

NOTE:  Prestored  values  are  listed  on  facing  pages.  Table  values 
not  shown  are  zeros. 
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FIGLRE  III  - 2 2 (Continued) 
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Figure  III-23 

CGSM  INPUT  - RAMJET  FUEL  GAS  CONSTANT  TABLES 

(NAMGSC  NAMELIST) 


VARIABLE 

K4 

KN(I),  1=1,  15 

TT4  B(I), 

1-1,  15 


DEFINITION 

Number  of  subtables  input 
Number  of  entries  per  subtable 

Total  temperature  (one  for  each  table  from  1 to  K4) 


FAR3(I,  J), 

1=1,  15,  J=l,  15 

*GASL0(I,  J), 

1=1,  15.  J=  1 , 15 


Fuel  to  air  ratio  for  subtables  1 and  columns  J 


Gas  constant  at  low  combustor  pressure  for 
subtables  1 and  columns  J 


♦GASMED  (I,  J), 
1=1, 15,  J=l, 15 


Gas  constant  at  medium  combustor  pressure  for 
subtables  I and  columns  J 


♦GASHI  (I,  J), 

1=1,  15,  J=l,  15 


Gas  constant  at  high  combustor  pressure  for 
subtables  I and  columns  J 


* GASMED  and  GASHI  are  used  only  if  IFTYPE  = 1 in  NAMELIST  NAMRJS. 
Low,  medium,  and  high  pressures  are  set  by  PT41,  PT42,  and  PT43  in 
NAMRJS. 

NOTE:  Prestored  values  are  listed  on  facing  pages.  Table  values 
not  shown  are  zeros. 


m-73 


FTOTTRE  HI- 2 3 (Continued) 


Hi 


VARIABLE  DEFINITION 

NB1  Number  of  data  sets 

BSP(I),  1=1,24  Burner  severity  parameter  (BSP) 

C^MEFF(I),  1=1,  24  Combustion  efficiency  for  each  BSP 

RLEAN(I),  1=1,  24  Lean  blow  out  ratio  for  each  BSP 


NOTE:  Prestored  values  are  listed  on  the  facing  page.  Table 
values  not  shown  are  zeros. 


FIGURE  III  - 25 


CGSM  INPUT 

- AIR  INLET  PERFORMANCE  AND  SIZING  DATA 
(NAMINM  NAMELIST) 

VARIABLE 

DEFINITION 

CRITICAL  INLET  PERFORMANCE  MAP 

K8 

Number  of  pitch  angles  for  which  subtables  are 
input  [0] 

KPTC(I),  1-1,  15 

Number  of  Mach  numbers  entered  in  each 
subtable  [15*0] 

ALPHV(l),  1=1,  15 

Pitch  angles  corresponding  to  each  subtable 
[15*0.  deg] 

AAMACH(U), 

1=1, 15,  J-l, 15 

Mach  numbers  for  subtables  1 and  columns  J 
[225*0.  ] 

ADDD(J,  J ), 

1-1, 15,  J=l, 15 

Additive  drag  for  subtables  I and  columns  J 
[225*0] 

A0ACC(1,  J) 

1=1,  15,  J = l,  15 

Mass  flow  ratio  for  subtables  I and  columns  J 
[225*0. ] 

PT3PT0d,  J), 

1 = 1, 15,  J = l,  15 

Combustor  total  pressure  recovery  for  subtables  I 
and  columns  J [225*0.] 

TWO-DIMENSIONAL  INLET  SIZING 

ASPECT 

Inlet  aspect  ratio  - width  divided  by  height  measure 

in  the  capture  plane  [1. 05] 

DSHT 

Inlet  design  altitude  [10000.  ft] 

DSMACH 

Inlet  design  Mach  number  [2.] 

NDUCT 

Duct  material  code  [8] 

NFRNG 

Fairing  material  code  [8] 

NRAMP 

Number  of  ramps  in  inlet  design  [3] 

TFRNG 

Inlet  fairing  thickness  [.04  in.] 

T ST ART 

Inlet  wall  thickness  [.  078  in.  ] 

III  - 7 7 
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FIGURE  III  - 25  (Cont'd.  ) 


VARIABLE 


DEFINITION 


XC 

YC 


XRI 

YR1 


XR2 

YR2 

XR3 

YR3 

XR4 

YR4 

XT 


YRANG1 

YRANG2 

YRANG3 

ZMACHT 


Scaling  factors  for  the  coordinate  of  the  inlet  cowl 
lip  leading  edge  (L.E.).  its  true  coordinates  are 

X = H*XC,  and 
Y = H *Y  C, 

where  H is  inlet  height  measured  in  the  inlet  capture 
plane.  The  origin  o'  he  coordinate  system  is 
generally  set  at  the  leading  edge  at  the  first  compres- 
sion ramp,  with  X being  parallel  to  the  missile 
centerline  and  Y being  directed  outward  through  the 
inlet  center,  (see  diagram  below)  [0,0] 

Scaling  factors  for  the  coordinates  of  the  first 
compression  ramp  L.E.  This  is  generally  (0,  0) 
since  the  origin  is  positioned  at  the  first  ramp 
L.E.  [0,0] 

Scaling  factors  for  coordinates  of  the  second  com- 
pression ramp  L.E.  [ 0 , 0 ] 

Scaling  factors  for  coordinates  of  the  third  com- 
pression ramp  L.E.  [0,0] 

Scaling  factors  for  coordinates  of  the  third  com- 
pression ramp  trailing  edge.  [0,0] 

Scaling  factor  for  the  inlet  throat  height,  where  the 
actual  height  is  computed  as  Hj  = H 'XT,  and  H is 
inlet  height  measured  in  the  capture  plane  [0] 

First  compression  ramp  angle  [0.  deg] 

Second  compression  ramp  angle  [0.  deg] 

Third  compression  ramp  angle  [0.  deg] 

Inlet  throat  Mach  number  [0.  0] 


* Material  codes  include: 

1 - AISI  150  psi  steel 

2 - AISI  200  psi  steel 

3 - 300  gr  maraging  steel 

4 - 17-4  Ph  stainless 

5 - 2014-T6  aluminum 


6 - AZ31B-0  magnesium 

7 - 6AL-4V  titanium 

8 - Rene  41 

9 - WC129Y  Columbium 

10  - Glass  fabric  epoxy  laminate 

11  - Filament  wound  glass  epoxy 


Note:  Prestored  values  not  listed  are  zeros. 
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Figure  III-25  (Cont'd.) 


Compression  Ramps 

^ Boundary  Layer 
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CGSM 


VARIABLE 

W0RTH1 

NRMAX , PVR  MAX  (I), 
DWRMAX(I), 

1 = 1.7 


NWTWH,  PVWTWH(I), 
DWWT  WH(I), 

1=1.7 

NRCR , PVRCR(I), 
DWRCR(I), 

1 = 1.7 

NRLL , PVRLL(I), 
DWRLL(I), 

1=1.7 

NHCR,  PVHCR(I), 
DWHCR(I), 

1 = 1,7 

NHLL,  PVHLL(I), 
DWHLL(I), 

1=1.7 

NVCR,  PVVCR(I), 
DWVCR(I), 

1=1.7 

NVLL,  PVVLL(I), 
DWVLL(I), 

1 = 1.7 


Figure  III-  26 

INPUT  - RELATIVE  WORTH  DATA 
(NAM3  NAMELIST) 

DEFINITION 

Worth  of  the  baseline  missile  configuration  [100.] 

Sensitivity  data  defining  the  variation  of  worth 
with  variable  maximum  missile  range.  The 
parameter  NRMAX  defines  the  number  of  data 
points  input  (NRMAX=7)  for  the  PVRMAX  and 
DWRMAX  arrays.  The  PVRMAX  array  includes 
values  of  maximum  range  (n.  mi.  ) while  the 
DWRMAX  array  includes  the  change  in  worth 
(AW  for  each  PVRMAX  value)  relative  to  the 
baseline  missile.  [0, 7*0.  , 7*0.  ] 

Data  defining  relative  worth  dependency  on  war- 
head weight  in  lb.  [0,  7*0.  , 7*0.  ] 


Data  defining  relative  worth  dependency  on 
cruise  phase  range  in  n.  mi.  [0,  7*0.  , 7*0.  ] 

Data  defining  relative  worth  dependency  on  low- 
level  run-in  range  in  n.mi.  [0, 7*0.  , 7*0.  ] 

Data  defining  relative  worth  dependency  on 
cruise  altitude  in  feet  [0, 7*0.  , 7*0.  ] 


Data  defining  relative  worth  dependency  on  low- 
level  run-in  altitude  in  feet  [0,7*0.  ,7*0.] 

Data  defining  relative  worth  dependency  on 
cruise  Mach  number  [0,  7*0.  , 7*0.  ] 

Data  defining  relative  worth  dependency  on 
low-level  run-in  Mach  number  [0, 7*0.  , 7*0.  ] 
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VARIABLE 


DEFINITION 


NCEP,  PVCEP(I) 
DWCEP(I), 

1=1.7 

NREL,  PVREL(I) 
DWREL(I), 

1 = 1.7 

NNO,  PVNO(I), 
dwnO(I), 

1 = 1.7 

ZCEP(I), 

1 = 1,  10 


ZFCSRCE 


ZGWT(I), 
1-1,  10 


ZREL 


Data  defining  relative  worth  dependency  on 
missile  accuracy  (CEP  in  n.  mi.  ).  [0, 7*0.  , 7*0.  ] 

Data  defining  relative  worth  dependency  on 
missile  flight  reliability.  [0,  7*0.  , 7*0.  ] 

Data  defining  relative  worth  dependency  on 
number  of  missiles  (number  per  ship,  number 
per  aircraft,  or  number  in  force).  [0,  7*0.  , 7*0.  ] 

Missile  CEP  array  corresponding  to  the 
ZGWT  array  (used  for  a table  look-up  (TLU)  of 
missile  CEP  for  relative  worth  computations). 
[10*0.  01  n.  mi.  ] 

Force  size  used  in  computing  relative  worth 

[100] 

Guidance  system  weight  data  to  be  used  in  the 
TLU  for  CEP  (corresponds  to  ZCEP  array) 

[0,  9*1000  lb] 

Flight  reliability  of  the  missile  type  to  be 
generated  [0. 95] 


VARIABLE 

KBYDRG 


KBYPSM 

KBYVP 

KBYPAK 


ACA3 

A5A3 

A6A3 

BEXIT 

BISPV 

BOOWP 

BTHVAC 

DROPEB 


Figure  III- 27 

CGSM  INPUT  - BYPASS  OPTIONS 
(NAMBYP  NAMELIST) 

DEFINITION 

BYPASS  CONTROL  FLAGS 
Bypass  option  for  aerodynamic  computations  [0] 

= 0 Compute  data 

= I Bypass  computation  of  aerodynamic  tables 

and  use  input  tables.  Compute  aero  coefficients 
during  ramjet  sizing. 

= 2 Bypass  all  aero  computations  and  use  input  data 

Bypass  option  for  propulsion  system  sizing  [0] 

= 0 Size  a propulsion  system  for  each  concept 
= 1 Bypass  sizing  and  input  propulsion  terms 

Bypass  option  for  vehicle  performance  computation  [0] 

= 0 Compute  performance  for  each  concept 
= 1 Bypass  performance  computation 

Bypass  option  for  missile  packaging  test  [l] 

= 0 Test  each  concept  against  launcher  packaging 
constraints 

= 1 Bypass  packaging  test 

PROPULSION  BYPASS  INPUT 

Ratio  of  capture  area  to  ramjet  combustor  chamber 
area  [0] 

Ratio  of  nozzle  throat  area  to  ramjet  combustion 
chamber  area  [0] 

Ratio  of  nozzle  exit  area  to  ramjet  combustion 
chamber  area  [0] 

Booster  nozzle  exit  area  [0.0  sq.  ft.] 

Booster  vacuum  Isp  [0.0  sec.] 

Booster  propellant  weight  [0.0  lb.  ] 

Booster  stage  vacuum  thrust  [0. 0 lb.  ] 

Drop  weight  associated  with  external  boosters  [0  lb.  ] 
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Figure  III-27  (Cont'd.  ) 


VARIABLE 

DEFINITION 

DROPST 

General  drop  weight  [0  lb.] 

SEX  IT 

Sustainer  nozzle  exit  area  [0  sq.  ft.] 

SUSWP 

Sustainer  propellant  weight  [0.0  lb.] 

TVACMN 

Liquid  or  solid  rocket  sustainer  minimum  vacuum 
thrust  [0.  0 lb.  ] 

TVACMX 

Liquid/solid  rocket  sustainer  maximum  vacuum 
thrust  [0. 0 lb.  ] 

XCGDl 

• Missile  c.  g.  location  measured  in  diameters  from 

theoretical  nose  [5.] 

XLBDY 

Propulsion  section  length  [0.0  in.] 

(See  also  SUPER  NAMELIST  in  Figure  III-26.  ) 

XNGfZ 

Boattail  section  length  [0.0  in.] 

XTHRTL(I), 

1=1, 20 

Throttle  ratio  for  liquid /solid  rocket  sustainer 
defined  by 

XTHRTL  = T " TVACMN 

1HRTL  -rvACMX  - TVACMN 

where  T is  a selected  thrust  level  and  TVACMN  ^ 
T < TVACMX.  [20*0.0] 

YISP(I), 

1 = 1,  20 

Specific  impulse  corresponding  to  each  value  of 
XTHRTL(I)  [20*0.  0 sec.  J 

♦AERO  BYPASS  DATA  - USED  FOR  TRAJECTORY  SIMULATION 

SMACHl(I) 

CLALFl(I) 

1=1, 20 

Lift  coefficient  table  (Mach  number  versus  Cl^) 
to  be  used  when  NAERGMl  in  NAMVPM  for  a given 
trajectory  phase. 

SMACH2(I), 

CLALF2(I), 

1=1, 20 

Lift  table  used  when  NAERCJ=2. 

SMACH3(I), 

CLALF3(I), 

1=1, 20 

Lift  table  used  when  NAERG)=3. 

SMACH4(I), 

CLALF"I), 

1=1,24 

Lift  table  used  when  NAER0i=4. 
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VARIABLE 

SMACH5(I), 
CLALF5(I) 
1-1,  20 


DMACHl(I), 
CDCJKI,  J), 
1=1,  20;  J = l,  5 


DMACH2(I), 
CDQ)2(I,  J ) 

1 = 1,  20;  J = l,  5 

DMACH3(I), 
CD03(I,  J), 

1 = 1, 20;  J = l, 5 

DMACH4(I), 
CD<J4(I,  J), 
1=1,  20;  J-l, 5 

DMACH5(I), 
CD05(I,  J), 

1=1,  20;  J = l,  5 


Figure  111-27  (Cont'd.  ) 
DEFINITION 

Lift  table  used  when  NAERQ)=5. 


Drag  coefficient  table  (Mach  number  and  altitude 
versus  Cp  ) used  when  NAER(#  = 1 in  NAMVPM 
for  a given  trajectory  phase. 

DMACH1  is  prestored  as  identical  to  SMACH1. 
CDOl  is  loaded  in  a specialized  table  format  where 
CD01  (I,  J),  J = l,5,  is  a set  of  altitudes,  and  CD(Jl 
(I,J),  1 = 2,  20,  J = l,5  is  a set  of  Cq  values  corres- 
ponding to  those  altitudes  and  DMj^CHI  values. 

Drag  table  used  when  NAER0=2. 


Drag  table  used  when  NAER$=3. 


Drag  table  used  when  NAER(J=4. 


Drag  table  used  when  NAER0=5. 


AERO  BYPASS  DATA  - USED  FOR  RAMJET  SIZING 

CDQ)DES  Drag  coefficient  (less  inlet  drag  contribution)  used  for 

designing  air  breathing  missiles  when  KBYDRG  = 2 [0.0] 

CLADES  Lift  coefficient  (Clo£),  used  when  KBYDRG  = 2 for 

designing  air  breathing  missiles  (less  inlet  lift  term) 

[0.  0 per  degree] 

* Aero  bvpass  tables  have  default  values  of  0.0  and  take  the  form  (for  each 
NAERO  value): 


III -84 


Figure  111-28 

CGSM  INPUT  - TRAJECTORY  CONTROL  TERMS 
(NAMVPM  NAMELIST) 


VAR  LA  RLE 


A L PM  AX  (I),  1=1,20 


ALT  F(I),  1=1,20 


AN Z MAX ( I ) , I = 1,?0 


GANDHI),  C0ND2(I), 
. . . , C(2ND20(I), 

1=1,  10 


CG5NI1(I),  CG5NI2(I), 
. . . , C0NI2O(I), 

1=1, 10 


DEFINITION 

PHASE  PARAMETERS 

Maximum  angle  of  attack  in  degrees  f 20  0.  ] 
where  I designates  a trajectory  phase. 

Maximum  ct  (see  note  below)  must  be  selected 
to  satisfy  stability  and  control  constraints,  inlet 
performance  limits,  and  flight  path  control  require- 
ments. Input  of  a small  ALPMAX  may  affect  the 
trajectory  linearization  for  a given  phase,  since 
that  linearization  uses  the  smaller  of  DALPH  (see 
below)  and  ALPMAX  for  each  phase. 

Phase  reference  altitude  in  feet  [20  0.]. 

For  constant  altitude  phases,  ALTFshould  be 
input  as  desired  cruise  altitude.  For  climb  or 
dive  phases,  ALT  F should  be  the  desired  level  - 
off  altitude.  For  other  phase  types,  ALTF  is  the 
desired  end  of  phase  altitude. 

Maximum  load  factor  in  g's  [20  0.]. 

This  parameter  is  selected  based  on  expected 
phase  maneuvering  and  is  constrained  by  stability 
and  control  requirements. 

Dependent  variable  used  with  the  ICC^NT  option  for 
flight  path  control,  where  C$NDl  applies  to  phase  1, 
C ON D 2 applies  to  phase  2,  etc.  All  array  values 
are  prestored  as  zero. 

Independent  variable  used  with  the  ICC^NT  option  for 
flight  path  control,  where  C$NI1  applies  to  phase  1, 
etc.  All  values  are  prestored  as  zero. 


FVALUE(I), 

1=1, 20 

GAMMAF(I), 

1=1, 20 

ICG5NT  (I), 

1=1, 20 


Final  value  of  phase  termination  parameter  desig- 
nated by  ITERM  [20  0] 

Approximate  end -of -phase  flight  path  angle  used  in 
thrust  computations.  [20  0.  deg] 

Flight  path  control  option  parameter.  [20  0] 

= 1 Path  controlled  by  a TLU  of  time  in  sec.  versus 
path  angle  ( T)  in  degrees,  where  time  is  the 
independent  parameter  (input  through  CQSNIl, 
C$N12,  . . . ) and  path  angle  is  the  dependent 
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Figure  1 1 1 - 2 8 (Cont'd.) 


VARIABLE 


kL 


DEFINITION 

parameter  (input  through  C(jNDl , CG5ND2,  . . . ). 
This  option  is  available  for  boost  phases,  and 
for  sustainer  phases  if  MG5DES-  1. 

= 3 Path  controlled  by  a TLU  of  time  (CONIj)  in 
seconds  versus  pitch  attitude  (t.)  in  degrees 
(CQJND.L  This  opt  ion  is  available  for  boost 
phases  and  sustainer  phases  where  MQjDES=+l. 

= 4 Path  controlled  by  a TLU  of  altitude  in  feet 

(C0NIj)  versus  B in  degrees  (COND-).  This 
option  is  available  for  boost  phases  and  for 
sustainer  phases  where  MGJDES=  + 1. 

= 5 Path  controlled  by  a TLU  of  Mach  number 
(CONIj)  versus  G in  degrees  (CONDj).  This 
option  is  available  for  all  boost  phases  and  for 
sustainer  phases  where  M0DES  = +1. 

= 6 Path  controlled  by  a TLU  of  time  in  seconds 
(CONIj)  versus  angle  of  attack  (^)  in  degrees 
(CONDj),  This  option  is  available  for  sustainer 
phases  if  MODES=t_l  and  for  all  boost  phases. 

=7  Path  controlled  by  a TLU  of  altitude  in  feet 
(CONIj)  versus  oC  in  degrees  (CONDj).  This 
option  is  available  for  sustainer  phases  if 
MODES=jfl  and  for  all  boost  phases. 

= 8 Path  controlled  by  a TLU  of  Mach  number  (CONIj) 
versus  cC  in  degrees  (CONDj).  This  option  is 
available  for  sustainer  phases  if  MODES  = +l 
and  for  all  boost  phases. 

= 9 Path  controlled  by  a TLU  of  time  in  seconds 
(C<2NI.)  ve  rsus  normal  load  factor  in  g units 
(CONDj).  This  option  is  available  for  sus- 
tainer phases  if  M(2DES  = + 1 and  for  all  boost 
phases. 

= 10  Path  controlled  by  a TLU  of  altitude  in  feet 
(CONIj)  versus  normal  load  factor  in  g units 
(CONDj).  This  option  is  available  for  sustainer 
phases  if  M0DES  = tT  and  for  all  boost  phases. 
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VARIABLE 


IPTYPE(I), 
1=1, 20 


DEFINITION 

= 11  Path  controlled  by  a TLU  of  Mach  number 

(CONI.)  versus  normal  load  factor  in  g units 
(COND,).  Tnis  option  is  available  for  sustainer 
phases  if  M(?DES  = + 1 and  for  all  boost  phases. 

= 12  Path  controlled  by  a TLU  of  altitude  (in  feet) 
versus  Mach  number.  If  MHGEN=0,  altitude 
and  Mach  number  must  be  input  through  CONI, 
and  COND..  If  MHGEN  >0,  those  altitude  and 
Mach  numier  data  arrays  are  computed  inter- 
nally. This  option  is  available  for  any  sus- 
tainer phase  (when  MG$DES=jtl)  and  for  any 
MHGEN.  The  option  is  available  for  bocst 
phases  only  when  MHGEN  = 0,  however. 

= 13  Path  controlled  to  maintain  a constant  altitude 
cruise  at  a Mach  number  set  by  XMACHF. 

Phase  start  is  at  7 = 0 regardless  of  previous 
phase  termination  conditions.  This  option  is 
available  only  for  sustainer  phases  and  MODES 
must  be  zero. 

= 14  Path  controlled  to  force  the  missile  to  level  off 
at  an  altitude  set  by  ALTF,  at  a Mach  number 
set  by  XMACHF,  and  at  a path  angle  set  by 
GAMMAF  (GAMMAF  should  be  zero).  The 
phase  pr  eceding  the  level -off  must  be  a climb 
or  dive  maneuver  terminated  with  ITERM  = 7. 

The  level-off  phase  should  be  terminated  at 
zero  flight  path  angle  using  ITERM  = 1. 

Input  of  ICONT=l,3,4 or  11  requires  input 

of  corresponding  CONI,  and  COND.  arrays.  Those 
arrays  are  not  required  if  ICONT  is  13  or  14,  and 
are  not  required  if  JCONT=12  and  MHGEN  = 1. 

Propulsion  system  type  [20*0] 

= 0 Unpowered 

= 1 Solid  boost  stage 

= 2 Liquid  boost  stage 

= 3 Solid  or  liquid  sustainer  stage 

= 4 Ramjet  sustainer  stage 

= 5 Turbojet  sustainer  stage 

Phase  termination  option  [20*0] 

•. 

1 


ITERM(I), 
1=1, 20 
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Figure  III  - 2 8 (Cont'd.  ) 


VARIABLE  DEFINITION 

= I When  phase  is  to  be  terminated  on  a flight  path 
angle  (T)  set  by  FVALUE  (FVALUE  in  degrees). 

= 2 When  phase  is  to  be  terminated  on  a velocity 
set  by  FVALUE  (ft/sec) 

= 3 When  phase  is  to  be  terminated  on  an  altitude 
set  by  FVALUE  (ft) 

= 4 When  phase  is  to  be  terminated  on  a phase  range 
set  by  FVALUE  (n.mi.  ).  If  the  phase  is  an 
iterative  cruise  phase  (see  ICG$NT  and  NCPHAZ), 
FVALUE  should  be  a first  guess  at  maximum 
cruise  range,  if  maximum  cruise  range  is  known 
with  some  degree  of  confidence.  If  maximum 
cruise  range  is  not  known,  FVALUE  should  be 
input  as  a small  value  (several  miles).  If  a 
range  is  input  which  is  too  large,  the  cruise 
iteration  may  burn  missile  inert  weight  as  pro- 
pellant in  an  attempt  to  salvage  the  iteration.  If 
instantaneous  weight  should  then  drop  below  10 
percent  of  design  inert  weight,  a fatal  error  is 
assumed,  and  the  trajectory  will  be  terminated. 

= 5 When  phase  is  to  be  terminated  on  a pitch  atti- 
tude (0)  set  by  FVALUE  (degrees) 

= 6 When  phase  is  to  be  terminated  on  an  instantaneous 
propellant  weight  (fuel  remaining)  set  by  FVALUE 
(FVALUE  in  pounds).  Propellant  to  be  book- 
keeped  is  set  by  IPTYPE. 

= 7 When  phase  is  to  be  terminated  on  a level -off 
load  factor  set  by  FVALUE  (g's).  During  a 
climb  or  dive  phase  which  is  to  be  followed  by 
a level-off  phase,  ITERM^,  and  FVALUE  is  a 
predicted  load  factor  for  completing  a level-off 
at  the  desired  altitude  (ALTF)  and  Mach  number 
(XMACHF).  FVALUE  is  in  g units  and  is  mea- 
sured normal  to  the  body  roll  axis.  Load  factor 
is  assigned  a positive  value  when  the  missile  is 
"pulling  up"  and  a negative  value  when  "pulling 
down". 


1U-88 


Figure  111-28  (Cont'd.  ) 


VARIABLE 


MHGEN(I), 
1=1, 20 


MCJDES(I), 


NAERO(I), 
1=1, 20 


DEFINITION 

= 8 When  the  phase  is  to  be  terminated  on  a 
Mach  number  set  by  FVALUE. 

= 9 When  the  phase  is  to  be  terminated  on  a total 
range  set  by  FVALUE  (n.mi.  ) 

ITERM  must  be  coordinated  with  FVALUE  and  also 
with  SLOPE. 

Option  to  generate  climb  schedule  [20*0] 

= 0 For  no  climb  schedule  generation 
= 1 To  generate  a schedule  of  Mach  number  versus 
altitude 

The  option  of  MHGEN(I)=1  is  designed  for  climb 
phases  when  ICONT(I)-12.  For  such  phases,  the 
program  computes  and  stores  a schedule  of  altitude 
vs.  Mach  number  which  satisfies  input  values  of 
ALT  F,  XMACHF,  GAMMAF,  and  FVALUE. 

Sustainer  thrust  control  option  [20  0] 

= 1 For  maximum  thrust 

= 0 For  thrust  as  required  (cruise  or  level -off) 

= -1  For  minimum  thrust 

MG$DES(I)  must  be  input  as  +_1  when  IC(JNT(I)  has  a 
value  of  12  or  less.  When  ICC5N'T(I)  is  13  or  14, 
M<3DES(I)  must  be  zero.  This  parameter  is  ignored 
during  boost  phases. 

Aerodynamics  table  option  flag.  If  KBYDRG=0  in 
NAMBYP,  lift  and  drag  tables  are  generated  internally 
and  are  accessed  by  setting  NAERG$(I)  = 1 (for  boost 
phases)  or  NAER$(I)  = 2 (for  sustainer  phases). 

If  KBYDRG  = 1 in  NAMBYP,  lift  and  drag  tables  are  input 
through  NAMBYP,  and  NAER(#(I)  designates  which 
set  is  to  be  used  for  each  phase.  For  example,  if 
KB YDRG=  1 and  NAERO(I)  = 2,  the  CGSM  uses  drag/ 
lift  data  from  DMACH2,  CD02,  SMACH2,  and 
CLALF2  for  the  Ith  phase  [20*0] 
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VARIABLE 

SLC>PE(I), 

1=1, 20 


T PHASE(I), 

1=1, 20 


TTtfTAL(I), 

1=1, 20 


XMACHF(I), 

1=1, 20 


ZPRINT  (I), 


ALT  I 
DALPH 


DALT 


DEFINITION 

Sign  of  dependent  variable  (FVALUE)  time  rate  of 
change  at  termination  [20 ;;0 ] 

= 0 Termination  occurs  regardless  of  time  rate  sign 
= 1 Terminate  only  if  time  rate  is  positive 
= -1  Terminate  only  if  time  rate  is  negative 

Upper  limit  on  time  spent  in  a given  phase.  If 
elapsed  phase  time  exceeds  TPHASE(I),  the  phase 
is  terminated  and  the  integration  proceeds  to  the 
next  phase.  [20-10000.  sec] 

Upper  limit  on  elapsed  time  from  launch  (includes 
TIME1  below)  for  a given  phase.  If  elapsed  time 
exceeds  TT£)TAL(I)  for  phase  I,  that  phase  is 
terminated  and  the  integration  proceeds  to  the 
next  phase.  [20-10000.  sec] 

Phase  reference  Mach  number  [20  ;0.0]. 

For  constant  altitude  cruise  phases,  XMACHF 
is  the  desired  cruise  Mach  number.  During  climb 
or  level  off,  XMACHF  is  the  desired  cruise  Mach 
number.  During  climb  schedule  generation  when 
ICONT  ( I)  = 1 2 and  MHCEN(1)  = 1,  XMACHF  is  used  as 
the  upper  limit  on  the  climb  Mach  number  and 
XMACHF/2  is  used  as  the  lower  limit.  XMACHF  is 
the  desired  final  Mach  number  for  all  other  phases. 

Print  interval  for  each  phase  [20*0.  sec] 

If  ZPRINT  (I)  is  input  as  zero,  the  print  interval 
is  selected  internally  according  to  detected  integra- 
tion errors. 

SINGLE  VALUE  CONTROL  PARAMETERS 
Initial  altitude  [0.  0 ft.  ] 

Attitude  (cC)  range  within  which  ramjet  propulsion 
performance  characteristics  are  linearized.  Small 
values  increase  accuracy  of  propulsion  data  at  the 
expense  of  computer  execution  time  (see  also 
ALPMAX  above)  [.035  rad] 

Altitude  (h)  range  within  which  ramjet  propulsion 
performance  characteristics  are  linearized.  Small 
values  increase  accuracy  of  propulsion  data  at  the 
expense  of  computer  execution  time.  [10000  ft.] 
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Figure  111-28  (Cont 'd.  ) 


VARIABLE 

DCFN 

DEL MAX 
DHCL 

DMACH 


DMIN 
DST  ART 
DVCL 

EREF 


ERRFAC 


FARMAX 


GAMMAI 

GKG 

GKV 

C.KVCRU 

CTC&PT 

MOPT 


NCPHAZ 


DEFINITION 

Net  thrust  coefficient  (C  ) range  within  which  ram- 
jet propulsion  characteristics  are  linearized.  Small 
values  increase  accuracy  of  propulsion  data  at  the 
expense  of  computer  execution  time.  Applies  only 
to  phases vhere  \10DES  = 0.  [O.ll 
Maximum  integration  step  size  [60.  sec] 

Altitude  step  used  in  internal  generation  of  climb 
schedule  (used  if  IC0NT  = 12  and  MHGEN  = 1 for  a given 
phase)  [10000.  ft] 

Mach  number  (M)  range  within  which  ramjet  propul- 
sion performance  characteristics  are  linearized. 

Small  values  increase  accuracy  of  propulsion  data 
at  the  expense  of  computer  execution  time  [0.40] 

Minimum  continuous  integration  interval  [.001  sec] 

Starting  integration  interval  [0.  1 sec] 

Velocity  step  used  in  internal  generation  of  climb 
schedule  (used  if  IC£NT  = 12  and  MHGEN=1  for  a 
given  phase)  [100.  ft/sec] 

Reference  value  of  normalized  truncation  error 
[5E-4] 

Factor  on  EREF  by  which  the  truncation  error  may 
exceed  the  reference  value  [5.  ] 

Maximum  ramjet  fuel/air  ratio  used  during  trajectory 
computations  [0] 

Initial  flight  path  angle  [0  deg.] 

Guidance  path  angle  error  gain  [1.0] 

Guidance  velocity  error  gain  [0.001] 

Cruise  velocity  error  gain  [0.  1] 

Guidance  table  time  option  [1.  0] 

Initial  velocity  option  flag  [l] 

= 0 When  initial  velocity  is  input  through  VELI  in 
ft  /sec 

= 1 When  initial  velocity  is  input  through  XMACHI 
in  Mach 

Trajectory  cruise  phase  number  [0] 
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VARIABLE 

NDPHAZ 

NLPHAZ 

RANGEI 

RTG&L 


TIMEI 

TPCMGN 

TT4MAX 

VELI 

XMACHI 


Figure  III  - 2 8 (Cont'd.) 
DEFINITION 

Phase  at  start  of  which  weight  is  dropped 
Total  number  of  trajectory  phases  [0] 
Initial  range  [0.0  n.  mi.] 


[0] 

i 


Tolerance  on  iteration  for  maximum  range.  Cruise 
range  (phase  specified  by  NCPHAZ)  is  varied  until 
fuel  exhaustion  is  enforced  at  end  of  final  trajectory 
phase  (set  by  NLPHAZ).  The  actual  error  will  be 
much  less  than  RTG5L.  [10.  n.  mi.  ] 

Initial  time  [0.0  sec] 

Ramjet  propulsion  system  pressure  margin  to  be 
used  during  trajectory  integration.  [3.] 

Maximum  ramjet  combustion  temperature  used 
during  trajectory  computations  [3V00°R] 

Initial  launch  velocity  in  ft/sec.  used  if  MOPT=0 
[0.  0 ft / sec] 

Initial  launch  velocity  in  Mach  used  if  MOPT  =1  [ 0 . 0 ] 


LOCAL 

VERTICAL  MISSILE 
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VARIABLE 
-ALT  I 
ART 

BCANTA 

BRAT 

DIAFR 


DVMULT 


DVT  OL 

*FARMAX 

FINE 

FRBT 

*GAMMAI 

IART 


Figure  III  - 2 9 

CGSM  INPUT  - SUPERVISORY  LIST 
(SUPER  NAMELIST) 

DEFINITION 

Initial  altitude  [0.0  ft.] 

Exposed  aspect  ratio  of  two  tail  panels  [2.57] 

External  booster  cent  angle  (0  deg.  ] 

Nose  bluntness  ratio  (nose  radius /mis  sile  radius)  [0] 

External  booster  diameter  fraction,  required  since 
external  diameter  is  computed  as: 

DEXT  = (missile  diameter)  x (DIAFR). 

Each  external  booster  has  diameter  DEXT. 

[prestored  as  = 1.0] 

Multiplier  used  in  the  booster  -\  V iteration  [!• 

The  first  guess  at  booster  ideal  velocity  is  computed 
as: 

V = DVMULT -(VEOB-VL) 

where  VE0B  and  VL  are  defined  below.  DVMULT 
can  be  refined  on  successive  jobs  during  an  analysis 
to  improve  the  accuracy  of  the  first  guess  and 
reduce  the  number  of  iterations. 

Tolerance  used  in  the  iteration  on  booster  delivered 
AV  [20  ft/ sec.  ] 

Maximum  ramjet  fuel/air  ratio  used  during  trajectory 
computations  [0] 

Theoretical  nose  fineness  ratio  [2.  5] 

Boattail  fineness  ratio  (boattail  segment  length/ 
missile  diameter)  [0] 

Initial  flight  path  angle  [0  deg.] 

Tail  arrangement  option  [4] 

= 1 Planar  _J_ 

= 2 Cruciform  — | — 

= 3 Triform 
= 4 Cruciform  \/ 


Ll 
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Figure  III-29  (Cont'd.  ) 


) 


VARIABLE 


IARW 


IBTL 


ICNTRL 


IN  W(jRL 


ISURFT 


ISURFW 


ITHR 


DEFINITION 

If  IART  =1 , tail  area  is  allocated  to  the  vertical  and 
horizontal  panels  using  VTALOC  (from  NAMCNF).  In 
that  case,  vertical  tail  area  is  set  by  VTALOC  times 
total  area,  and  the  remainder  is  split  equally  between 
the  two  horizontal  panels. 

Wing  arrangement  [0] 

= 0 For  no  wings  o 
= 1 For  planar  wing  -O- 
= 4 For  cruciform  wing  JX 

Boattail  code  [0] 

= 0 No  boattail 
= 1 Conical  boattail 

Control  selection  code  [l] 

= 1 Tail  control 
= 2 Wing  (canard) 

Option  for  basic  variable  number  "17"  [0] 

= 0 For  input  of  missile  weight  variations 
= 1 For  input  of  missile  length  variations 

T ail  type  f 1 ] 

= 1 T rapezoidal 
= 2 Delta 

Wing  type  [1] 

= 1 T rapezoidal  planform 
= 2 Delta  planform 

Option  for  basic  variable  number  9 (used  only  for 
solid  and  liquid  rocket  cruise  missiles)  [0] 

= 0 For  input  of  design  vacuum  thrust 
= 1 For  input  of  design  vacuum  thrust-to- weight  ratio 
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Figure  III- 29  (Cont'd.) 


VARIABLE 

ITN 


ITSECT 


IWSECT 

KINLET 

KPR0P 


MAX  NIT 

::MOPT 

NCPHAZ 


DEFINITION 


Nose  shape  options  [2] 

= 1 T angent  ogive 
= 2 Von  Karman 
= 3 Cone 
= 4 Hemisphere 
= 5 Blunted  cone 
= 6 Blunted  ogive 

T ail  section  [ 1 ] 

= 1 Double  wedge 
= 2 Bi- convex  » — 

= 3 Modified  double  wedge 

Wing  section  [ 1 ] 

= 1 Double  wedge  — 

= 2 Bi- convex 

= 3 Mod  double  wedge  <■  — > 

Inlet  type  [2] 

= 1 Single  belly  mounted  Q 
= 2 Dual  side  mounted  O3 
= 4 Four  sided  mounted  ❖ a 

Propulsion  system  option  [41] 

= 10  For  solid  rocket 

= 13  For  solid  rocket  with  external  solid  boosters 
= 20  For  liquid  rocket 

= 23  For  liquid  rocket  with  external  solid  boosters 
= 41  For  ramjet  with  integral  solid  booster 
= 43  For  ramjet  with  external  solid  boosters 
= 44  For  non- boosted  ramjet 
= 50  for  turbojet 

= 53  for  turbojet  with  external  solid  boosters 

Maximum  number  of  iterations  allowed  for  con- 
vergence on  booster  delivered  AV  [5  ] 

Initial  velocity  option  flag  [1] 

= 0 When  initial  velocity  is  input  through  VELI 
in  ft  / sec 

= 1 When  initial  velocity  is  input  through  XMACHI 
in  Mach 

Trajectory  cruise  phase  number  [0] 
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Figure  1 1 1 - 2 9 (Cont'd.) 


VARIABLE 

*NDPHAZ 

*NLPHAZ 

NW 

NZLLRI 

NZTEMP 


*T  PCMGN 

*TT  4MAX 

*VELI 

VE0B 

VL 

WMISC 

XLBDY 


♦XMACHI 

ZXNB 


DEFINITION 

Phase  at  start  of  which  weight  is  dropped  [0] 

Total  number  of  trajectory  phases  [0] 

Wing  Code  [0] 

= 0 No  wings  designed  or  sized 
= 1 Wings  designed  and  sized 

Phase  number  for  output  on  LLRI  range,  altitude, 
and  speed  [0] 

Ramjet  combustor  temperature  option  [0] 

= 0 Size  to  a fixed  TT 4 value 

= 1 Step  TT4  if  required  using  DELT4  from  NAMRJS 

Ramjet  propulsion  system  pressure  margin  to  be 
used  during  trajectory  computations  [3.] 

Maximum  ramjet  combustion  temperature  used 
during  trajectory  computations  [3900  R] 

Initial  launch  velocity  in  ft /sec  used  if  MOPT=0 
[0.0  ft/ sec] 

Velocity  required  at  end  of  boost  phase  [2578  ft/sec] 

Velocity  at  start  of  boost  phase  [861.  9 ft/ sec] 

Miscellaneous  payload  weight  [0.0  lb] 

First  guess  at  propulsion  section  length,  used  for 
initial  aerodynamics  computations  for  ramjet 
missiles,  when  sizing  to  a weight.  A built-in 
approximation  will  be  used  if  XLBDY  is  input  as 
zero  [0.  in.] 

Initial  launch  velocity  in  Mach  used  if  MOPT=l 

[0] 

Number  of  external  boosters  [2] 


* These  parameters  appear  in  both  NAMVPM  and  SUPER.  They  are 
intended  to  be  input  through  NAMVPM  in  the  general  case,  but  may 
be  input  through  SUPER  for  stacked  cases  in  a given  job.  If 
multiple  trajectories  are  requested,  these  parameters  must  always 
be  input  through  NAMVPM. 
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FIGURE  III- 30 


VARIABLE 

LEVELS 

NC0UT 

NLQ&UT 


CGSM  INPUT  - SCREENING  TERMS 
(NAMSCR  NAMELIST) 

DEFINITION 

Number  of  levels  to  be  identified  in  the  screening 
process  [10] 

Number  of  top  level  concepts  for  which  output  is 
required  [10] 

Number  of  levels  for  which  output  is  required  [1] 
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4.  0 RCM  INPUT  DESCRIPTION 

Input  to  the  Relative  Cost  Model  (RCM)  of  the  CGSM  is  divided 
into  three  categories  and  into  six  NAMELIST  lists.  The  first  category  of 
input  includes  those  parameters  which  are  required  input  for  the  computa- 
tion of  cost  terms  in  the  course  of  generating  and  screening  missile  concepts. 
Those  inputs  are  contained  in  the  NAMCST  NAMELIST  list  (see  Figure  III -31 
at  the  end  of  this  section).  The  second  category  of  input  includes  all  para- 
meters required  to  compute  cost  in  a "stand-alone"  fashion  without  first 
generating  concepts.  Those  inputs  are  listed  under  NAMCBY  (see  Figure 
III-32).  The  third  category  --  complete  sets  of  cost  estimating  relationship 
(CER)  coefficients  and  multipliers  --is  controlled  by  the  user  through  the 
NAMCNP,  NAMCCN,  NAMCPS,  and  NAMCCP  lists.  Those  lists  are 
defined  in  Figures  III-34  through  III-35.  Each  input  list  is  discussed  further 
in  the  following  sections. 

4.  1 NAMCST  DESCRIPTION 

Subsystem,  system,  and  total  missile  cost  can  be  computed  in 
the  RCM  for  each  missile  concept  as  it  is  generated,  and  total  cost  can  be 
filed  for  subsequent  use  in  concept  screening.  Most  parameters  required 
for  those  cost  computations  are  computed  within  the  various  CGSM  sizing 
and  performance  models;  however,  certain  parameters  are  assumed  to  be 
input  directly  by  the  user.  Those  parameters  are  assigned  to  the  NAMCST 
list  (Figure  III -31).  That  list  includes  guidance  and  controls  system  type 
and  performance  parameters,  guidance  weight,  and  screening  options. 

Default  values  are  assigned  to  each  parameter,  as  is  listed  on  Figure  III -31. 


4.2  NAMCBY  DESCRIPTION 

The  RCM  can  be  exercised  within  the  CGSM  in  much  the  same 
manner  as  a stand-alone  program.  The  CGSM  user  is  provided  routinely 
with  bypass  options  as  a means  of  conserving  data  setup  time  and  computer 
time  requirements  for  those  JOBs  in  which  the  complete  concept  generation 
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and  screening  process  is  not  required.  Exercising  the  RCM  alone  requires 
input  of  the  NAMCBY  list  (see  Figure  III -32)  along  with  the  NAMCST  list 
(Figure  III -31)  and  input  of  a "ZIP  11  4"  card  (see  Section  III- 1.0).  Since 
missile  sizing  and  performance  steps  normally  exercised  in  the  CGSM  are 
bypassed  by  this  procedure,  all  cost  parameters  which  would  have  been 
computed  in  those  steps  must  be  input  by  the  user.  The  NAMCBY  list  is 
made  up  of  those  "bypassed"  parameters.  Specific  input  required  is  heavily 
dependent  on  propulsion  system  type,  as  is  shown  in  Figure  III -33.  The 
parameters,  KA,  KC,  KG,’  KP,  and  KW,  can  be  input  as  equal  to  one  to 
suppress  computation  of  selected  cost  terms.  That  suppression  can  further 
reduce  input  requirements. 

4.3  NAMCNP,  NAMCCN,  NAMCPS,  AND  NAMCCP  DESCRIPTION 

Each  RCM  CER  can  be  modified  through  input  to  the  extent  of 
changing  complexity  factors,  inflation  factors,  miscellaneous  costs,  and 
coefficients.  Each  CER  is  described  in  Volume  V and  each  input  item  in 
the  NAMCNP  list  is  correlated  to  a CER  in  that  volume.  The  NAMCNP  list 
(see  Figure  III-34)  includes  all  inflation  factors,  complexity  factors,  profit 
margins,  and  miscellaneous  costs  for  all  non -propul  sion  systems  (airframe 
and  integration,  guidance,  controls,  and  warhead).  The  NAMCCN  list  (see 
Figure  IU-35)  includes  all  CER  coefficients  for  those  non -propulsion  systems. 
Propulsion  system  CER  inflation  factors,  complexity  factors,  profit  margins , 
and  miscellaneous  costs  are  input  through  the  NAMCPS  list  (see  Figure 
III -36).  Propulsion  system  CER  coefficients  are  input  through  the  NAMCCP 
list  (see  Figure  III-37).  Default  values  are  listed  on  Figures  III-34  and 
III  - 3 6 for  the  CER  multipliers;  however,  default  values  for  the  CER  coeffi- 
cients are  defined  in  Volume  V only. 
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FIGURE  III  - 3 1 


VARIABLE 

BSP 

FC 

ICTYPE 

IYEAR 

KAGATE 

KFUZE 

KGAIN 

* KGTABL 

KGTYPE 


KSGATE 

KSTAB 


CGSM  INPUT  - RCM  DATA 
(NAMCST  NAMELIST) 


DEFINITION 


Spectral  bandwidth  used  in  the  IR  guidance  system  [0.  0 j*  Mj 

Center  frequency  Qo.O  GHz  for  active  or  passive/ semi  - 
active  or  10.  0 ja.  M for  IR  type  systemsj 

Control  system  type  selector  £l ] 

= 1 with  autopilot 

= 2 without  autopilot 

Calendar  year  for  which  cost  data  are  to  be  computed  [.1974] 

Guidance  angle  gating  option  flag  [oj 
= 1 for  systems  where  angle  gating  is  used 

= 0 for  systems  where  angle  gating  is  not  used 

Warhead  fuzing  selection  flag  £o] 

= 0 for  contact  fuze 

= 1 for  proximity  fuze 

Controls  system  adaptive  gain  (dither)  flag  [_o] 

= 1 for  systems  where  adaptive  gain  is  used 

= 0 for  systems  where  adaptive  gain  is  not  used 

Control  flag  used  to  set  guidance  parameters  (BSP,  FC, 
KAGATE,  KSGATE,  KSTAB,  NCHAN , NDET,  and  PPEAK) 
internally  [l] 

= I to  set  parameters  according  to  WTGUID  and 
KGTYPE 

= 0 to  use  direct  input  of  guidance  parameters 

Control  flag  used  to  set  guidance  system  type  [l  l] 

= 11  for  passive / semi -active  (I  band) 

= 12  for  passive/semi-active  (J  band) 

= 21  for  active  (magnetron)  (I  band) 

= 22  for  active  (magnetron)  (J  band) 

= 31  for  IR 

Guidance  speed  gating  option  [o] 

= 1 for  systems  where  speed  gating  is  used 

= 0 for  systems  where  speed  gating  is  not  used 

Guidance  stabilization  option  flag  [o] 

= 1 for  systems  stabilized  in  place 

= 0 for  systems  not  stabilized 
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FIGURE  III  - 3 1 (Cont'd.) 


VARIABLE 


DEFINITION 


NCHAN 


NDET 

NSC£)ST 


NSCRC 


PPEAK 


WTGUID 


Number  of  doppler  channels  (used  for  guidance  systems 
where  KSTAB  = 1)  [o] 

Number  of  detectors  used  in  the  IR  guidance  system 

Selection  flag  for  screening  cost  j_lj 
= 1 screen  on  first  unit  production  cost 

= 2 screen  on  RDT&E  cost 
= 3 screen  on  RDT&E  plus  production  cost 

Screening  parameter  selection  flag 
= 0 screen  on  cost  according  to  NSC£)ST 
= 1 screen  on  missile  weight 

Peak  generated  transmit  power  [o.  0 kilowattsj 

Rate  at  which  missiles  are  produced  Ql . 0 per  mo.J 

Number  of  missiles  produced  during  the  RDT&E  phase  |^Z oT] 

Guidance  system  weight  [o.  0 lbT) 
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FIGURE  III  - 32 


CGSM  INPUT  - RCM  BYPASS  DATA 
(NAMCBY  NAMELIST) 


VARIABLE 


DEFINITION 


A 

*C ASEM 

D 

DCOM 

DP 

DTHRT 

FMAX 

FNET 

GGW 

HPPUMP 

KA 


KC 


KFM 


KG 


Missile  weight  less  propulsion  system,  warhead,  guid- 
ance, and  control  systems  QlOOO.  lb.J 

External  booster  case  (or  integral  ramjet  combustor) 
material  code  [.oj 

Missile  diameter  [0.  0 in]) 

Ramjet  combustion  chamber  diameter  [o.  0 in]) 

Solid  rocket  motor  case  insulation  volume  [ 0 . 0 cu.  inf) 

External  booster  nozzle  throat  diameter  (o.  0 in.J 

Liquid  rocket  design  maximum  thrust  [p  lbfj 

Turbojet  design  thrust  (sea-level  static  thrust)  [0  lbfj 

Weight  of  the  gas  generator  used  in  the  ramjet  pressuri- 
zation system  (used  only  if  KFM  = 3)  [o  lbf] 

Horsepower  of  the  ramair  turbine  used  in  the  ramjet 
pressurization  system  (used  only  if  KFM=4)  [0  Hp] 

Control  parameter  used  to  bypass  airframe  and  integra- 
tion costing  [.o] 

= 0 compute  cost  of  airframe  and  integration 
= 1 bypass  costing 

Control  parameter  used  to  bypass  controls  costing  [o] 

= 0 compute  controls  cost 
= 1 bypass  costing 

Ramjet  fuel  management  (pressurization)  system  control 
parameter 

= 1 for  N£  stored  gas 
= 2 for  LGG  (liquid  gas  generator) 

= 3 for  SGG  (solid  gas  generator) 

= 4 for  ramair  turbine 

Control  parameter  used  to  bypass  guidance  system 
costing  [0] 

= 0 compute  guidance  cost 
= 1 bypass  costing 
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FIGURE  III -32  (Cont'd.  ) 


VARIABLE 


DEFINITION 


KIN  DPS 


KP 


KW 


Propulsion  system  option  [_4l] 

= 10  for  solid  rocket 

= 13  for  solid  rocket  with  external  solid  boosters 

= 20  for  liquid  rocket 

= 23  for  liquid  rocket  with  external  solid  boosters 
= 41  for  ramjet  with  integral  solid  boosters 
= 43  for  ramjet  with  external  solid  boosters 
= 44  for  non-booster  ramjet 
= 50  for  turbojet 

= 53  for  turbojet  with  external  solid  boosters 

Control  parameter  used  to  bypass  propulsion  system 
costing  [o] 

= 0 compute  propulsion  system  cost 
= 1 bypass  costing 

Control  parameter  used  to  bypass  warhead  costing  [o] 
= 0 compute  warhead  cost 
= 1 bypass  costing 


*MATTK 

Ramjet  fuel  tank  material  code  [o] 

METAL 

Liquid  rocket  tank  material  code  ]_o] 

= 1 for  aluminum 

= 2 for  titanium 

= 3 for  steel 

METTJ 

Turbojet  tank  material  code  £o] 

= 1 for  aluminum 

= 2 for  titanium 

= 3 for  steel 

MP 

External  or  integral  booster  propellant  weight  j 

N0ZWT 

Total  nozzle  weight  for  integral  ramjets  or  exter 
booster  nozzle  weight  (per  booster  motor)  j_0.  0 

RN0ZI 

External  booster  nozzle  inlet  radius  [o.  0 in.] 

R5 

Ramjet  nozzle  throat  radius  jj).  0 in.] 

S 

Airframe  design  speed  j_1000  knots] 

SDTHRT 

Solid  rocket  nozzle  throat  diameter  ^0-  0 inv) 

SRN(DZI 

Solid  rocket  nozzle  inlet  radius  ^0.  0 in.] 

SWM 

Solid  rocket  motor  weight  [o.  0 lb.] 
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VARIABLE  DEFINITION 

SWMC  Solid  rocket  motor  case  weight  [o.  0 lb] 

X4  Turbojet  design  turbine  inlet  temperature  [o.  0 ' Rj 

VBI  External  booster  case  or  integral  booster  combustor 

insulation  volume  [o.  0 cu.  in.J 

VC£)MI  Non-integral  ramjet  combustor  insulation  volume 

]]o.  0 cu.  in.] 

VEXIN  Ramjet  tank  external  insulation  volume  [o.  0 cu.  in.] 

VGT  Liquid  rocket  pressurization  gas  storage  bottle  volume 

j_0.  0 cu.  in] 

VREQ  Nitrogen  tank  volume  for  the  ramjet  pressurization 

system  [o.  0 cu.  in.J 

WCf)MM  Non-integral  ramjet  combustor  metal  weight  [o.  0 lb]] 

WCS  Control  system  cost  [o.  0 lb]) 

WF  Liquid  rocket  fuel  weight  [0.  0 lb]] 

WGG  Liquid  rocket  gas  generator  weight  [o.  0 lb.J 

WLV  Liquid  rocket  miscellaneous  hardware  weight  [o.  0 lbj 

WM  External  booster  motor  weight  jo.O  lb.J 

WMC  External  or  integral  booster  case  weight  Lo.  0 lb.] 

WN  Solid  rocket  nozzle  weight  li).  0 lbj 

WN(DZ  Non-integral  ramjet  nozzle  weight  [0.  0 lb.J 

W<[)  Liquid  rocket  oxidizer  weight  [p.  0 lbj 

WP  Solid  rocket  propellant  weight  or  liquid  rocket  fuel  plus 

oxidizer  weight  [_0 . 0 lb.J 

WSC  Liquid  rocket  start  cartridge  weight  \o.  0 lbj 

WT  Turbojet  or  liquid  rocket  tank  weight  j]o.  0 lb.J 

WTANK  Ramjet  fuel  tank  weight  |o.  0 lb.J 

WTC  Liquid  rocket  thrust  chamber  weight  [o.  0 lb.J 

WTFUEL  Ramjet  fuel  weight  ]o.  0 lb.J 

WTP  Liquid  rocket  turbopump  weight  [o.  0 lbj 
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VARIABLE 

WWH 

YI 

ZXNB 


DEFINITION 

Warhead  weight  [o.  0 lb.J 

Ramjet  nozzle  inlet  radius  jo.  0 in.J 

Number  of  external  boosters  [oj 


* Material  codes  include: 

1 - AISI  150  psi  steel 

2 - AISI  200  psi  steel 

3 - 300  gr  maraging  steel 

4 - 17-4  Ph  stainless 

5 - 2014-T6  aluminum 

6 - AZ31B-0  magnesium 

7 - 6AL-4V  titanium 

8 - Rene  41 

9 - WC129Y  Columbium 

10  - Glass  fabric  epoxy  laminate 

11  - Filament  wound  glass  epoxy 
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BYPASS  INPUT  REQUIRED  FOR  CGSM  RCM 


PROPULSION 

SUBSYSTEM 

INPUT  PARAMETERS  REQUIRED 

FOR  BYPASS 

LIQUID  ROCKET 

A,  FM  AX , METAL,  VGT,  WF,  WGG,  WLV, 

WO,  WP,  WSC,  WT,  WTC , WTP 

BOOSTED  LIQUID 
ROCKET 

A,  FMAX,  METAL,  VGT,  WF,  WGG,  WLV, 

WO,  WP,  WSC,  WT,  WTC,  WTP,  CASEM,  D, 
DIAFR,  DTHRT,  MP,  NOZWT,  RNOZI,  VBI, 
WM,  WMC , ZXNB 

SOLID  ROCKET 

A,  D,  DP,  SDTHRT,  SRN0ZI,  SWM,  SWMC, 
WN,  WP 

BOOSTED  SOLID 
ROCKET 

A,  D,  DP,  SDTHRT,  SRN0ZI,  SWM,  SWMC, 
WN,  WP,  CASEM,  DIAFR,  DTHRT,  MP, 
NOZWT,  RNOZI,  VBI,  WM,  WMC,  ZXNB 

INTEGRAL  RAMJET* 

A,  CASEM,  DCOM,  GGW,  HPPUMP,  KFM , 
MATTK,  MP,  NOZWT,  R5,  VBI,  VEXIN, 

VREQ,  WMC,  WTANK,  WTFUEL 

NON -BOOSTED 

RAMJET  * 

A,  CASEM,  DCOM,  GGW,  HPPUMP,  KFM, 
MATTK,  R5 , VCOMI,  VEXIN,  VREQ,  WCOMM, 
WNOZ , WTANK,  WTFUEL,  Y1 

EXTERNALLY- 
BOOSTED  RAMJET* 

A,  CASEM,  DCOM,  GGW,  HPPUMP,  KFM, 
MATTK,  R5 , D,  DIAFR,  DTHRT,  MP,  NOZWT, 
RNOZI,  VBI,  WM,  WMC,  ZXNB 

TURBOJET 

A,  FNET , METTJ , T4 , WF,  WT 

BOOSTED  TURBOJET 

A,  FNET,  METTJ,  T4,  WF,  WT,  CASEM,  D, 
DIAFR,  DTHRT,  MP,  NOZWT,  RNOZI,  VBI, 
WM,  WMC,  ZXNB 

* Of  the  ramjet  inputs,  VREQ  is  required  only  if  KFM  = 1,  GGW  is 
required  only  if  KFM=3,  and  HPPUMP  is  requireo  only  if  KFM=4. 


L 
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CGSM 

INPUT  - RCM  NON-PROPULSION  CER  MULTIPLIERS 
(NAMCNP  NAMELIST) 

VARIABLE 

DEFINITION 

AIRFRAME  AND  INTEGRATION  TERMS 

AFA1 

RDT&E  engineering  rate  per  man-hour  (see  "a"  in 
Equation  (1)  of  Section  2.2.2)  [j>26/hr!] 

AFB  1 

RDT&E  engineering  technology  multiplier  (see  "b"  in 
Equation  (1)  of  Section  2.2.2)  [l . oj 

AFC  1 

RDT&E  engineering  complexity  factor  (see  "c  " in 
Equation  (1)  of  Section  2.2.2)  [l . oj 

AFD1 

RDT&E  engineering  inflation  factor  (see  "d  " in 
Equation  (1)  of  Section  2.2.2)  £l . o] 

AFI 1 

RDT&E  engineering  miscellaneous  cost  (see  "f"  in 
Equation  (1)  ot  Section  2.2.2)  fjO.  o] 

AFA2 

RDT&E  development  complexity  factor  (see  "a"  in 
Equation  (2)  of  Section  2.  2.  2)  [l . ol 

AFB  2 

RDT&E  development  inflation  factor  (see  "b " in 
Equation  (2)  of  Section  2.2.2)  [l . 0^ 

AFG2 

RDT&E  development  miscellaneous  cost  (see  "g  " in 
Equation  (2)  of  Section  2.2.2)  [0.  o] 

AF  A3 

RDT&E  flight  test  complexity  factor  (see  "a"  in 
Equation  (3)  of  Section  2.2.2)  [l . oj 

AFB3 

RDT&E  flight  test  cost  inflation  factor  (see  "b"  in 
Equation  (3)  of  Section  2.2.2)  [l . oj 

AFG3 

RDT&E  flight  test  miscellaneous  cost  (see  "g  " in 
Equation  (3)  of  Section  2.  2.  2)  [o.  o] 

AFA4 

RDT&E  tooling  rate  per  man-hour  (see  "a"  in 
Equation  (4)  of  Section  2.2.2)  [$19/hr.] 

AFB4 

RDT&E  tooling  technology  factor  (see  "b"  in 

Equation  (4)  of  Section  2.2.2)  £l.o] 

AFC4 

RDT&E  tooling  complexity  factor  (see  "c  " in 

Equation  (4)  of  Section  2.2.2)  [l . 0] 

AFD4 

RDT&E  tooling  cost  inflation  factor  (see  "d"  in 
Equation  (4)  of  Section  2.  2.  2)  [l.  oj 
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VARIABLE 


DEFINITION 


AFJ4 

AFA5 

AFB  5 

AFC5 

AFH5 


RDT&E  tooling  miscellaneous  cost  (see  "j"  in  Equation 
(4)  of  Section  Z.Z.Z)  £o.  oj 

RDT&E  manufacturing  labor  rate  per  man-hour  (see  "a" 
in  Equation  (5)  of  Section  Z.  Z.  Z)  L$12/hr?) 

RDT&E  manufacturing  labor  complexity  factor  (see  "b 
in  Equation  (5)  of  Section  Z.  Z.  Z)  [l . 0] 

RDT&E  manufacturing  labor  cost  inflation  factor  (see 
"c  " in  Equation  (5)  of  Section  Z.Z.Z)  [_1 . o] 

RDT&E  manufacturing  labor  miscellaneous  cost  (see 
"h"  in  Equation  (5)  of  Section  Z.Z.Z)  [0.  oj 


AFA6 

AFB6 


AFG6 


AFA7 

AFC  7 


RDT&E  manufacturing  material  complexity  factor  (see 
"a"  in  Equation  (6)  of  Section  Z.Z.Z)  U . o] 

RDT&E  manufacturing  material  cost  inflation  factor 
(see  "b"  in  Equation  (6)  of  Section  Z.Z.Z)  [\ . o] 

RDT^E  manufacturing  material  miscellaneous  cost 
(see  "g  " in  Equation  (6)  of  Section  Z.  Z.  Z)  [o.  o] 

RDT&E  quality  assurance  complexity  factor  (see  "a  in 
Equation  (7)  of  Section  Z.Z.Z)  [l . o] 

RDT&E  quality  assurance  cost  inflation  factor  (see  "c  ' 
in  Equation  (7)  of  Section  2.  2.  2)  Q . o] 


AFD7 


RDT&E  quality  assurance  miscellaneous  cost  (see  "d  " 
in  Equation  (7)  of  Section  2.  2.  2)  [0.  oj 


AFA8 , AFB8 , 
AFC8,  AFD8, 
AFI8 


AFA9,  AFB 9, 
AFC9,  AFD9, 
AFJ9 


AFA10,  AFB  10, 
AFC  1 0 , AFH10 


Engineering  production  cost  labor  rate,  technology  fac- 
tor, complexity  factor,  inflation  multiplier,  and 
miscellaneous  cost  terms  (see  "a",  "b",  "c",  "d",  and 
"i"  in  Equation  (8)  of  Section  Z.Z.Z)  £$26 /hr.  , 1.0, 

1.0,  1.  0,  0.  o] 

Production  tooling  cost  labor  rate,  technology  factor, 
complexity  factor , inflation  multiplier , and  miscellaneous 
cost  terms  (see  "a",  "b",  "c",  "d",  and  "j " in  Equation 
(9)  of  Section  2.  2.  2)  [$19/hr.,  1.0,  1.0,  1.0,  0.0.] 

Production  manufacturing  labor  hourly  rate,  complexity 
factor,  and  miscellaneous  cost  terms  (see  "a",  "b",  "c", 
and  "h"  in  Equation  (10)  of  Section  Z.Z.Z)  [_$  12/hr.  , 

1.0,  1.0,  1.0,  0.  oj 
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VARIABLE 


DEFINITION 


AFA11,  AFB11, 
AFG11 


AFA1Z  , AFC  1 2 , 
AFD12 


AFA13,  AFB13, 
AFC  13 


AFA14,  AFB14, 
AFC  14 


Production  manufacturing  material  complexity  factor, 
inflation  factor,  and  miscellaneous  cost  (see  "a",  "b", 
and  "g " in  Equation  (11)  of  Section  2.2.2)  [l . 0 , 1.0 
0.  0 ] 

Production  quality  assurance  complexity  factor,  infla- 
tion factor,  and  miscellaneous  cost  (see  "a",  "c",  and 
"d  " in  Equation  ( 1 2)  of  Sec tion  2 . 2.  2)  [l . 0 , 1 . 0 , 0.  o] 

Total  first  unit  production  cost  complexity  factor,  infla- 
tion factor,  and  miscellaneous  cost  (see  "a",  "b",  and 
"c  " in  Equation  (13)  of  Section  2.2.2)  [l . 0 , 1.0,  0.6] 

Total  RDT&E  cost  complexity  factor,  inflation  factor, 
and  miscellaneous  cost  (see  "a",  "b",  and  "c " in 
Equation  (14)  of  Section  2.  2,  2)  [l.  0,  1.  0,  0.  o] 


C A 1 

CE1 

CF1 

CA2 

CE2 

CF2 

CA3 

CE3 

CF3 


CONTROL  TERMS 

Controls  RDT&E  cost  inflation  factor  (see  "a"  in  Equa- 
tion (1)  of  Section  2.  4.  2.  2)  [l.  oj 

Controls  RDT&E  CER  complexity  factor  (see  "e " in 
Equation  (1)  of  Section  2. 4.  2.  2)  [l . o] 

Controls  RDT&E  miscellaneous  cost  (see  "f"  in  Equa- 
tion (1)  of  Section  2. 4.  2.  2 [0.  oj 

Controls  production  cost  (with  autopilot)  inflation  factor 
(see  "a"  in  Equation  (2)  of  Section  2. 4.  3. 4)  [l . o] 

Controls  production  CER  (with  autopilot)  complexity 
factor  (see  "e  " in  Equation  (2)  of  Section  2.  4.  3. 4)  [l . Oj 

Controls  production  cost  (with  autopilot)  miscellaneous 
cost  (see  "f " in  Equation  (2)  of  Section  2.  4.  3.  4)  [0.  0] 

Controls  production  CER  (no  autopilot)  inflation  factor 
(see  "a"  in  Equation  (3)  of  Section  2. 4.  3.5)  [l.  oj 

Controls  production  cost  (no  autopilot)  complexity  factor 
(see  "e"  in  Equation  (3)  of  Section  2.  4.  3.  5)  [l.  6] 

Controls  production  cost  (no  autopilot)  miscellaneous 
cost  (see  "f"  in  Equation  (3)  of  Section  2.  4.  3.  5)  [p.  o] 
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VARIANCE 

DEFINITION 

GUIDANCE  TERMS 

GA1 

Guidance  RDT&E  inflation  factor  (see  "a  in  Equation 
(1)  of  Section  2.  4.  2.  1)  [}  . o] 

GB1 

Guidance  RDT&E  complexity  factor  (see  "b''  in  Equation 
(1)  of  Section  2.4.2.  1)  [l . o] 

GF1 

Guidance  RDT&E  miscellaneous  cost  (see  g''  in  Equa- 
tion (1)  of  Sec  tion  2.4.2.  1)  [o . o] 

GA2 

Passive/semi -active  production  cost  inflation  factor 
(see  "a"  in  Equation  (2)  of  Section  2. 4.  3.  1)  [l . 03 

GB2 

Passive /semi -active  production  complexity  factor  (see 
"b"  in  Equation  (2)  of  Section  2.  4.  3.  1)  Q . 6] 

GK2 

Passive/semi -active  miscellaneous  production  cost 
(see  "k"  in  Equation  (2)  of  Section  2.4.3.  1)  [O.cfJ 

GA3 

Active  production  cost  inflation  factor  (see  "a"  in 
Equation  (3)  of  Section  2. 4.  3.2)  jl.o] 

GB3 

Active  production  cost  complexity  factor  (see  "b"  in 
Equation  (3)  of  Section  2. 4.  3. 2)  [\ . 0] 

GQ3 

Active  guidance  miscellaneous  production  cost  (see  rq" 
in  Equation  (3)  of  Section  2.4.3.  2)  [p.  o] 

GA5 

IR  production  cost  inflation  factor  (see  "a"  in  Equation 
(5)  of  Section  2 . 4.  3 . 3)  [l . Oj 

GB5 

IR  production  cost  complexity  factor  (see  "b"  in  Equa- 
tion (5)  of  Section  2.4.3.  3)  [l.  Oj 

GH5 

IR  miscellaneous  production  cost  (see  "h"  in  Equation 
(5)  of  Section  2.  4.  3.  3)  jo.  6] 

WARHEAD  TERMS 

WA1 

Warhead  RDT&E  inflation  factor  (see  "a",  Equation  (1), 
Section  2.  5.  Z , Vol.  V)  |fl . o) 

WEI 

Warhead  RDT&E  complexity  factor  (see  "e",  Equation 
(1),  Section  Z.  5.  2,  Vol.  V)  [l.o] 

WF1 

Warhead  RDT&E  miscellaneous  cost  (see  "f"  in  Equation 
(1),  Section  Z.  5.  2,  Vol.  V)  [o.  o] 
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VARIABLE  DEFINITION 

WA2  Warhead  production  cost  inflation  factor  (see  "a"  in 

Equation  (2)  of  Section  2.5.3)  £l.o} 

WD2  Warhead  production  cost  complexity  factor  (see  "d"  in 

Equation  (2)  of  Section  2.  5.  3)  [1.0] 

WE2  Warhead  production  cost  miscellaneous  cost  (see  "e  " 

in  Equation  (2)  of  Section  2.  5.  3)  [o.  o) 


NOTE:  Airframe  and  integration  CERs  are  described  in  Volume  V, 
Section  2.2.  Controls  CERs  are  defined  in  Section  2.  4.  2.  2 
(RDT&E),  in  Section  2.  4.  3. 4 (with  autopilot,  and  in  Section 
2.  4.  3.  5 (no  autopilot).  Guidance  CERs  are  defined  in  that 
volume  in  Sections  2.  4.  2.  1 (RDT&E) , 2.  4.  3.  1 (passive/ 
semi -active) , 2. 4.  3.  2 (active),  and  2.  4.  3.  3 (IR  seeker). 
Warhead  CERs  are  described  in  Section  2.  5. 
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CGSM  INPUT  - RCM  NON  - PROPU LSION  CER  COEFFICIENTS 
(NAMCCN  NAMELIST) 


VARIABLE 

DEFINITION 

AIRFRAME  AND  INTEGRATION  TERMS 

AFE 1 , AFF1, 
AFG1 , AFH1 

RDT&E  engineering  cost  coefficients  (see  "e  " through 
"h"  in  Equation  (1)  of  Section  2.  2.  2) 

AFC2 , AFD2, 
AFE2,  AFF2 

RDT&E  development  cost  coefficients  (see  "c  " through 
"f"  in  Equation  (2)  of  Section  2.  2.  2) 

AFC3 , AFD3, 
AFE3 , AFF3 

RDT&E  flight  test  cost  coefficients  (see  "c  " through  "f1 
in  Equation  (3)  of  Section  2.2.2) 

AFE4,  AFF4 , 
AFG4 , AFH4 , 
AFI4 

RDT&E  tooling  cost  coefficients  (see  "e  " through  "i " 
in  Equation  (4)  of  Section  2.  2.  2) 

AFD5,  AFE5, 
AFF5,  AFG5 

RDT&E  manufacturing  labor  cost  coefficients  (see  "d " 
through  "g  " in  Equation  (5)  of  Section  2.2.2) 

AFC6,  AFD6, 
AFE6 , AFF6 

RDT&E  manufacturing  material  cost  coefficients  (see 
"c  " through  "f"  in  Equation  (6)  of  Section  2.  2.  2) 

AFB7 

RDT&E  quality  assurance  miscellaneous  cost  (see  "b " 
in  Equation  (7)  of  Section  2.2.2)  [o.  6] 

AFE8,  AFF8 , 
AFG8 , AFH8 

Production  engineering  coefficients  (see  "e  " through 
"h  " in  Equation  (8)  of  Section  2.  2.  2) 

AFE9,  AFF9, 
AFG9,  AFH9, 
AFI9 

Production  tooling  coefficients  (see  "e  " through  "i  :'  in 
Equation  (9)  of  Section  2.  2.  2) 

AFD10,  AFE  10 
AFF10,  AFG10 

, Production  manufacturing  labor  coefficients  (see  "d  " 

through  "g"  in  Equation  (10)  of  Section  2.2.2) 

AFC  1 1 , AFD11 
AFE 1 1 , AFF11 

, Production  manufacturing  material  coefficients  (see 

"c  " through  "f"  in  Equation  (11)  of  Section  2.2.2) 

AFB12 

Production  quality  assurance  coefficient  (see  "b"  in 
Equation  (12)  of  Section  2.2.2) 
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VARIABLE 

DEFINITION 

CONTROL  TERMS 

CB1,  CC1,  CD1 

Controls  RDT&E  coefficients  (see  "b",  "c",  and  "d " in 
Equation  (1)  of  Section  2.  4.  2.  2) 

CB2 , CC2  , CD2 

Controls  production  (with  autopilot)  coefficients  (see 
"b",  "c  ",  and  "d  " in  Equation  (3)  of  Section  2.  4.  3. 4) 

CB3 , CC3 , CD3 

Controls  production  (no  autopilot)  coefficients  (see  "b", 
"c  ",  and  "d  " in  Equation  (3)  of  Section  2 . 4.  3 . 5) 

GUIDANCE  TERMS 

GC1,  GDI,  GE1 

Guidance  RDT&E  coefficients  (see  "c  ",  "d",  and  "f"  in 
Equation  (1)  of  Section  2. 4.  2.  1) 

GC2,  GD2 , GE2 , 
GF2 , GG2 , GH2  , 
GI2 , GJ2 

Passive/semi -active  production  cost  coefficients  (see 
"c  " through  "j  " in  Equation  (2)  of  Section  2.4.3.  1) 

GC3 , GD3 , GE3  , 
GF3 , GG3 , GH3 , 
GI3  , GJ3  , GK3  , 
GL3  , GM3,  GN3 , 
GP3 

Active  production  cost  coefficients  (see  "c  " through  "p‘ 
in  Equation  (3)  of  Section  2.  4.  3.  2) 

GC5,  GD5 , GE5 , 
GF5,  GG5 

IR  production  coefficients  (see  "c  " through  "g  " in 
Equation  (5)  of  Section  2.4.3.  3) 

WARHEAD  TERMS 

WB1,  WC1,  WD1 

Warhead  RDT&E  coefficients  (see  "b",  "c",  and  "d " in 
Equation  (1)  of  Section  2.  5.  2) 

WB2 , WC2 

Warhead  production  coefficients  (see  "b"  and  "c  " in 
Equation  (2)  of  Section  2.  5.  3) 

NOTE:  Airframe  and  integration  CERs  are  described  in  Section  2.2 
of  Vol.  V.  Controls  CERs  are  defined  in  Section  2.  4.  2.  2 
(RDT&E)  in  Section  2. 4.  3. 4 (with  autopilot),  and  in  Section 
2.4.3.  5 (no  autopilot).  Guidance  CERs  are  defined  in  Section 
2.4.2.  1 (RDT&E),  in  2.4.3.  1 (passive/semi-active),  in 
2.4.  3.2  (active),  and  in  2.  4.  3.  3 (IR  seeker).  Warhead 
CERs  are  described  in  Section  2.  5. 
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CGSM  INPUT  - RCM  PROPULSION  CER  MULTIPLIERS 
(NAMCPS  NAMELIST) 


VARIABLE 


DEFINITION 


LIQUID  ROCKET  SUSTAINER  TERMS 

PLA1  Thrust  chamber  labor  rate  (see  "a"  in  Equation  (1)  of 

Section  2.  3.  2.  1)  £$10/hr.J 

PLA3  Thrust  chamber  complexity  factor  (see  "a"  in  Equation 

(3)  of  Section  2.3.2.  1)  Q. . 0] 

PLB3  Thrust  chamber  miscellaneous  cost  (see  "b  " in 

Equation  (3)  of  Section  2.  3.  2.  1)  £o.  0] 

PLA4  Turbopump  labor  rate  (see  "a"  in  Equation  (4)  of 

Section  2.  3.  2.  2)  [S10/hr^ 

PLA6  Gas  generator  and  start  cartridge  labor  rate  (see  "a" 

in  Equation  (6)  of  Section  2.  3.  2.  2)  [$10/hr.3 

PLA8  Turbopump  complexity  factor  (see  "a"  in  Equation  (8) 

of  Section  2.  3.  2.  2)  £l  . Oj 

PLB8  Turbopump  miscellaneous  cost  (see  "b"  in  Equation  (8) 

of  Section  2.  3.  2.  2)  £o.  oj 

PLA9  Engine  miscellaneous  hardware  labor  cost  complexity 

factor  (see  "a"  in  Equation  (9)  of  Section  2.  3.  2.  3)  [_1 . oj 

PLA11  Engine  total  miscellaneous  hardware  cost  complexity 

factor  (see  "a  " in  Equation  (11)  of  Section  2 . 3.  2.  3)  . oj 

PLB11  Miscellaneous  cost  term  for  engine  total  miscellaneous 

hardware  (see  "b  " in  Equation  (11)  of  Section  2.  3.  2.  3) 

[o.o] 

PLA13  Pressurization  system  cost  complexity  factor  (see  "a" 

in  Equation  (13)  of  Section  2.  3.  2.  4)  [l . o] 

PLB13  Pressurization  system  regulator  cost  (see  "b " in  Equa- 
tion (13)  of  Section  2.  3.  2.  4)  [o.  2 75^ 

PLC13  Pressurization  system  miscellaneous  valves  cost  (see 

"c  " in  Equation  (13)  of  Section  2.  3.  2.  4)  [0.  275] 

PLD13  Pressurization  system  miscellaneous  cost  term  (see 

"d  " in  Equation  (13)  of  Section  2.  3 . 2.  4)  [0 . d] 
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VARIABLE 

DEFINITION 

PLA14 

Tankage  complexity  factor  (see  "a"  in  Equation  (14)  of 
Section  2.  3. 2.  5)  [l.  CfJ 

PLB14 

Materials  cost  factor  used  to  adjust  tankage  cost  (in- 
ternal value  dependent  on  METAL  used  if  input  as  zero) 
(see  "b"  in  Equation  (14)  of  Section  2.  3.  2. 4)  [0.  6] 

PLD14 

Miscellaneous  tankage  cost  (see  "d"  in  Equation  (14)  of 
Section  2.  3. 2.  5)  [o.  o] 

PLA15 

Fuel/oxidizer  cost  complexity  factor  (see  "a"  in  Equa- 
tion (15)  of  Section  2 . 3 . 2.  6)  [l . o] 

PLB15 

Oxidizer  cost  per  pound  (see  "b"  in  Equation  (15)  of 
Section  2.  3 . 2 . 6)  [0.  11/lb.] 

PLE15 

Fuel  cost  per  pound  (see  "e  " in  Equation  (15)  of  Section 
2.  3.  2.  6)  [$  1.18/lb.] 

PLF15 

Miscellaneous  fuel/oxidizer  cost  (see  "f"  in  Equation 
(15)  of  Section  2.  3.  2.  6)  [0.  o] 

PLA16 

Propellant  loading  cost  complexity  factor  (see  "a"  in 
Equation  (16)  of  Section  2.  3.  2.  6)  [l.o] 

PLE16 

Propellant  loading  miscellaneous  cost  (see  "e"  in 
Equation  (16)  of  Section  2.  3.  2.  6)  [0.  0] 

PLA17 

Safe  and  arm  system  cost  (see  Equation  (17)  of  Section 
2.  3.  2.  7)  [0.1925] 

PLA18, 

PLC18 

PLB18, 

Total  first  unit  cost  inflation  factor,  complexity  factor, 
and  miscellaneous  cost  (see  "a",  "b",  and  "c  " in 
Equation  (18)  of  Section  2.  3.  2.  8)  [l.  0,  1.0,  0.  0] 

PLA19, 

PLC19 

PLB19, 

RDT&E  c os t inflation  factor,  complexity  factor,  and 
miscellaneous  cost  (see  "a",  "b",  and  "c  " in  Equation 
(19)  of  Section  2.  3.  2.  9)  [l.O,  1.0,  O.o] 

PLPC 

Liquid  rocket  contractor  profit  margin  [o.  l] 
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VARIABLE 


DEFINITION 


EXTERNAL  BOOSTER  TERMS 


PEA3 

PEB  3 

PEA4 , PEE4 

PEA5,  PEF5 

PEA6 , PEE6 

PEB6 

PEA7,  PEE7 

PEA8 

PEA9 

PE  A 1 0 , PEB 1 0 , 
PEC  1 0 

PE A 1 1 , PEB 1 1 , 

PEE  1 1 

CFM 

PFM 

PEBC 


Motor  case  cost  complexity  factor  (see  a"  in  Equation 
(3)  of  Section  2.  3. 6.  1)  [l . oj 

Motor  case  miscellaneous  cost  (see  "b"  in  Equation  (3) 
of  Section  2.  3.  6.  1)  [0 . 6j 

Motor  internal  insulation  complexity  factor  and  mis- 
cellaneous cost  (see  "a"  and  "e  " in  Equation  (4)  of 
Section  2 . 3 . 6.  1)  Q . 0 , 0.  6] 

Nozzle  cost  complexity  factor  and  miscellaneous  cost 
(see  "a  " and  "f " in  Equation  (5)  of  Section  2.  3.  6.  2) 

[1.0,  0 . oj 

Propellant  cost  complexity  factor  and  miscellaneous 
cost  (see  "a"  and  "e  " in  Equation  (6)  of  Section  2.  3.  6.  3) 

[l.  0,  0.  o] 

Propellant  cost  per  pound  (see  "b " in  Equation  (6)  of 
Section  2.  3. 6.  3)  [$  1.  00/lbTJ 

Propellant  loading  cost  complexity  factor  and  mis- 
cellaneous cost  (see  "a"  and  "e  " in  Equation  (7)  of 
Section  2. 3. 6.  3)  [.0,  O.oJ 

Igniter  cost  (see  Section  2.  3.  6.  4)  ^0.  386lJ 

Safe  and  arm  system  cost  (see  Section  2,3.6.41  jo.  193  05; 

Total  first  unit  cost  inflation  factor,  complexity  factor, 
and  miscellaneous  cost  (see  "a",  "b  , and  "c " in 
Equation  (10)  of  Section  2.  3.  6.  5)  jl.  0,  1.0,  0.0 j 

RDT&E  inflation  factor,  complexity  factor,  and  mis- 
cellaneous cost  (see  "a",  "b",  and  "e  " in  Equation  (11) 
of  Section  2 . 3 . 6 . 6)  [l . 0 , 1.0,  0 . o] 

Materials  cost  factor  used  to  adjust  case  labor  cost 
(internal  value  dependent  on  CASEM  used  if  input  as 
zero)  [o.  o] 

Materials  cost  factor  used  to  adjust  case  materials  cost 
(internal  value  dependent  on  CASEM  used  if  input  as 
ze  ro)  [ 0 . 6] 

External  booster  contractor  profit  margin  [o.  l] 
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VARIABLE 

PSA3 , PSB3 

PSA4 , PSE4 

PSA5 , PSF5 

PSA6 , PSG6 

PSF6 

PSA7,  PSF7 

PSA8 

PSA9 

PSA10,  PSB10 
PSC10 

PSA 1 1 , PSB11 
PSE1 1 

PTA1 , PTD1 
PTA4 , PTB4 


DEFINITION 

SOLID  ROCKET  SUSTAINER  TERMS 


Motor  case  complexity  factor  and  miscellaneous  cost 
(see  "a"  and  "b"  in  Equation  (3)  of  Section  2.  3.  1.  1 

[l . 0 , 0 . o] 

Case  insulation  complexity  factor  and  miscellaneous 
cost  (lee  "a"  and  "e"  in  Equation  (4)  of  Section  2.  3.  1.  1) 

[l.  0,  0.  o] 

Nozzle  cost  complexity  factor  and  miscellaneous  cost 
(see  "a"  and  "f"  in  Equation  (5)  of  Section  2.3.  1. 2) 

jl.  0,  0.  oj 

Propellant  cost  complexity  factor  and  miscellaneous  cost 
(see  "a"  and  in  Equation  (6)  of  Section  2.  3.  1.  3) 

[l.  0,  0.  o] 

Propellant  cost  per  pound  (see  "f"  in  Equation  (6)  of 
Section  2.3.  1.3)  ($1. 00/lb.] 

Propellant  loading  cost  complexity  factor  and  mis- 
cellaneous cost  (see  "a"  and  "f"  in  Equation  (7)  of 
Section  2.  3.  1.  3)  [l . 0,  0.  o] 

Safe  and  arm  cost  (see  Equation  (8)  in  Section  2.3.  1.4) 

[O.  19305] 

Igniter  cost  (see  Equation  (9)  in  Section  2.  3.  1.  4)  [o.  386l] 

Total  production  cost  inflation  factor,  complexity  factor, 
and  miscellaneous  cost  (see  "a",  "b",  and  "c " in 
Equation  (10)  of  Section  2.  3.  1.  5)  [l.  0,  1.  0,  0.  o] 

RDT&E  inflation  factor,  complexity  factor,  and  mis- 
cellaneous cost  (see  "a",  "b",  and  "e  " in  Equation  (11) 
of  Section  2.  3.  1.  6)  jj.  0,  1. 0,  0.  d] 

TURBOJET  SUSTAINER  TERMS 


Engine  complexity  factor  and  miscellaneous  cost  (see 
"a"  and  "d"  in  Equation  (1)  of  Section  2.  3.  3.  1)  (1.0,  0.  o] 

Total  tank  cost  complexity  factor  and  miscellaneous 
cost  (see  "a"  and  "b"  in  Equation  (4)  of  Section  2.  3.  3. 2) 

[l.O,  o.o] 
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VARIABLE 
PTA5,  PTE5 

PTB5 

PTAb , PTE6 

PTA7,  PTB7, 
PTC  7 

PTA10,  PTB10, 
PTC  10 

PTJC 

CFT 

PFT 


PRIA1 

PRIA2 

PRIA3 , PRIB3 

PRIA4 , PRIE4 

PRIA5 


DEFINITION 


Fuel  cost  complexity  factor  and  miscellaneous  cost  (see 
"a  " and  "e  " in  Equation  (5)  of  Section  2.  3 . 3 . 3)  [j  . 0 , 0 . o] 

Fuel  cost  per  pound  (see  "b"  in  Equation  (5)  of  Section 
2.  3.  3.  3)  [O.lJ 

Fuel  loading  cost  complexity  factor  and  miscellaneous 
cost  (see  "a"  and  "e  " in  Equation  (6)  of  Section  2.  3.  3.  3) 

[l.  0,  0.  o] 

Total  production  first  unit  cost  inflation  factor,  com- 
plexity factor,  and  miscellaneous  cost  (see  "a",  'b", 

and  "c  " in  Equation  (7)  of  Section  2 . 3 , 3 . 4)  [l . 0 , 1 . 0 , 0.  oj 

RDTSiE  inflation  factor,  complexity  factor,  and  mis- 
cellaneous cost  (see  "a",  "b",  and  "c"  in  Equation  (10) 
of  Section  2 . 3 . 3 . 5)  [l . 0 , 1.0,  0 . 6) 

Turbo  ' contractor  profit  margin  [o.  l] 

Materials  factor  used  to  compute  tank  labor  cost  (internal 
value  dependent  on  MATTK  used  if  input  as  zero)  (see 
Equation  (2)  of  Section  2.  3.  3.  2)  [0.  6] 

Materials  factor  used  to  compute  tank  material  cost 
(internal  value  dependent  on  MATTK  used  if  input  as 
zero)  (see  Equation  (3)  of  Section  2.  3.  3.  2)  jo.  dj 

INTEGRAL  RAMJET  TERMS 


Tank  labor  cost  complexity  factor  (see  "a  in  Equation 
(1)  of  Section  2.  3.  4.  1)  [l.o] 


Tank  material  cost  complexity  factor  (see  "a  in  Equa- 
tion (2)  of  Section  2.3.4.  1)  [l.  (j] 


Total  tank  cost  complexity  factor  and  miscellaneous 
cost  (see  "a"  and  "b  " in  Equation  (3)  of  Section  2.  3.  4.  1) 


[l.o,  o.o] 


Tank  external  insulation  cost  complexity  factor  and 
miscellaneous  cost  (see  "a"  and  "e  1 in  Equation  (4)  of 
Section  2.  3. 4.  1)  [1 . 0,  0.6] 

Nitrogen  gas  bottle  complexity  factor  (see  "a"  in  Equa- 
tion (5)  of  Section  2.  3. 4.  1)  [l . 0] 
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VARIABLE 


DEFINITION 


PRIA6 

PRIA7 

PRIA8,  PRIB8 

PRIA9,  PRIG9 

PRIA10 

PRIA11,  PRIG11 

PRIA1Z,  PR JE 12 
PRIB12 

PRIA13,  PRIE13 

PRIAM , PRIE14 

PRIA15,  PRIE13 

PRIA16,  PRIE16 

PRIA17,  PRIF17 

PRIA18,  PRIE18 


Regulator  cost  (see  Equation  (6)  in  Section  2.3.4.  1) 

[O.  275] 

Miscellaneous  valves  cost  (see  Equation  (7)  of  Section 
2.3.4.  1)  [0.275] 

Nitrogen  gas  pressurization  system  total  cost  complexity 
factor  and  miscellaneous  cost  (see  "a"  and  "b " in 
Equation  (8)  of  Section  2.  3. 4.  1)  [l . 0 , 0.  0] 

Solid  gas  pressurization  system  total  cost  complexity 
factor  and  miscellaneous  cost  (see  "a"  and  "g " in 
Equation  (9)  of  Section  2.  3. 4.  2)  [l . 0 , 0.  oj 

Monopropellant  gas  pressurization  system  cost  (see 
Equation  (10)  of  Section  2.  3. 4.  2)  [5.1975] 

Ram-air  turbine  pressurization  system  cost  complexity 
factor  and  miscellaneous  cost  (see  "a"  and  "g  " in 
Equation  (11)  of  Section  2.  3. 4.  2)  [l.  0,  0.  o] 

Fuel  cost  complexity  factor  and  miscellaneous  cost  (see 
"a  " and  " e"  in  Equation  (12)  of  Section  2.  3 . 4.  3)  [l . 0 , 0.  0] 

Fuel  cost  per  pound  (see  "b"  in  Equation  (12)  of  Section 
2.  3.  4.  3)  [$1. 00/lb] 

Fuel  loading  cost  complexity  factor  and  miscellaneous 
cost  (see  "a"  and  "e  " in  Equation  (13)  of  Section  2.  3.4.  3) 
[l.  0,  0.  Oj 

Combustor  case  labor  cost  complexity  factor  and  mis- 
cellaneous cost  (see  "a"  and  "e  " in  Equation  (14)  of 
Section  2.  3. 4.  4)  [l.  0,  0.  Oj 

Combustor  case  material  cost  complexity  factor  and 
miscellaneous  cost  (see  "a"  and  "e  " in  Equation  (15)  of 
Section  2.  3. 4.  4)  [l.O,  O.dJ 

Case  insulation  cost  complexity  factor  and  miscellaneous 
cost  (see  "a"  and  "e  " in  Equation  (16)  of  Section  2.3.4.  4) 

Q.  0,  0. 0] 

Nozzle  cost  complexity  factor  and  miscellaneous  cost 
(see  "a"  and  "f  " in  Equation  (17)  of  Section  2.  3.  4.  4) 

[l.  0,  0.  0] 

Booster  propellant  cost  complexity  factor  and  miscel- 
laneous cost  (see  "a"  and  "e"  in  Equation  (18)  of 
Section  2.  3. 4.  4)  [l.O,  0.  0] 
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VARIABLE 

PRIB18 

PRIA19,  PRIE19 

PRIA20 

PRIA21 

PRIA22,  PRIB22 

PRIA23 , PRIB23 , 
PRIC23 

PRIA26 , PRIB26, 
PRIC26 

CFCASE 

PFCASE 

CFT 

PFT 

PR  JC 


DEFINITION 


Booster  propellant  cost  per  pound  (see  "b1  in  Equation 
(18)  of  Section  2.  3. 4.  4)  ($1.00/lb7) 

Booster  propellant  loading  cost  complexity  factor  and 
miscellaneous  cost  (see  ’a"  and  "e  in  Equation  (19)  of 
Section  2.  3.4,4)  [l . 0,  0.  o] 

Booster  igniter  cost  (see  Equation  (20)  in  Section  2.  3.4.4) 
[0.  386  1J 

Booster  safe  and  arm  cost  (see  Equation  (2  1)  of  Section 
2.  3. 4.  4)  [0.  19305] 

Total  booster /combustor  cost  complexitv  factor  and 
miscellaneous  cost  (see  "a"  and  "b  " in  Equation  (22)  of 
Section  2.  3.  4.  4)  [l.  0,  0.  o] 

Total  ramjet  first  unit  production  cost  inflation  factor, 
complexity  factor,  and  miscellaneous  cost  (see  "a", 

"b",  and  "c  " in  Equation  (23)  of  Section  2.  3. 4.  4) 

[1.0,  1.0,  0.  0] 

RDT&E  cost  inflation  factor,  complexity  factor,  and 
miscellaneous  cost  (see  "a",  "b",  and  "c " in  Equation 
(26)  of  Section  2.  3.  4.  5)  [l . 0 , l.O.O.o] 

Materials  factor  used  in  computing  combustor  cost 
(internal  value  dependent  on  CASEM  used  if  input  as 
zero)  [0.  0] 

Materials  factor  used  in  computing  combustor  cost 
(internal  value  dependent  on  CASEM  used  if  input  as 
zero)  [O.  d) 

Materials  fa;tor  used  in  computing  fuel  tank  labor  cost 
(internal  value  dependent  on  MATTK  used  if  input  as 
ze  ro)  [0.  0] 

Materials  factor  used  in  computing  fuel  tank  material 
cost  (internal  value  dependent  on  MATTK  used  if  input 
as  zero)  (O.  0] 

Ramjet  contractor  profit  margin  [0.  l] 
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VARIABLE  DEFINITION 

NON-INTEGRAL  RAMJET  TERMS 


PRNA1 

PRNAZ 

PRNA3 , PRNB3 

PRNA4 , PRNE4 

PRNA5 

PRNAfe 


Tank  labor  cost  complexity  factor  (see  "a"  in  Equation 
(1)  of  Section  2.  3. 4.  1)  [l . o] 

Tank  material  cost  complexity  factor  (see  "a"  in 
Equation  (2)  of  Section  2.  3.  4.  1)  [l . o] 

Total  tank  cost  complexity  factor  and  miscellaneous  cost 
(see  "a"  and  "b"  in  Equation  (3)  of  Section  2.  3. 4.  1) 

[l  . 0 , 0 . o] 

Tank  external  insulation  cost  complexity  factor  and 
miscellaneous  cost  (see  "a"  and  "e"  in  Equation  (4)  of 
Section  2.  3. 4.  1)  [l . 0,  0.  o] 

Nitrogen  gas  bottle  complexity  factor  (see  "a"  in 
Equation  (5)  of  Section  2.  3. 4.  1)  [l.  0] 

Regulator  cost  (see  Equation  (6)  in  Section  2.3.4.  1) 
[0.275] 


PRNA7 


Miscellaneous  valves  cost  (see  Equation  (7)  in  Section 
2.3.4.  1)  [0.275] 


PRNA8,  PRNB8 

PRNA9,  PRNG9 

PRNA10 

PRNA11,  PRNG11 

PRNA12 , PRNE12 
PRNB12 

PRNA1 3 , PRNE13 


Nitrogen  gas  pressurization  system  total  cost  com- 
plexity factor  and  miscellaneous  cost  (see  "a"  and  "b " 
in  Equation  (8)  of  Section  2.  3. 4.  1)  [l . 0,  0.  o] 

Solid  gas  pressurization  system  total  cost  complexity 
factor  and  miscellaneous  cost  (see  "a"  and  "g"  in 
Equation  (9)  of  Section  2 . 3 . 4 . 2)  [l . 0 , 0 . (] 

Monopropellant  gas  pressurization  system  cost  (see 
Equation  (10)  of  Section  2.  3.  4.  2)  jj5.  1 9 7 5j 

Ram-air  turbine  pressurization  system  cost  complexity 
factor  and  miscellaneous  cost  (see  "a"  and  "g"  in 
Equation  (11)  of  Section  2.  3.  4.  2)  [1.0,  0.  o] 

Fuel  cost  complexity  factor  and  miscellaneous  cost  (see 
"a"  and  "e"  in  Equation  (12)  of  Section  2.3.4.  3)  [l.  0,  0.  Sj 

Fuel  cost  per  pound  (see  "b"  in  Equation  (12)  of  Section 
2.  3. 4.  3)  [$  1 . 00 /lb] 

Fuel  loading  cost  complexity  factor  and  miscellaneous 
cost  (see  "a"  and  "e"  in  Equation  (13)  of  Section  2.3.4.  3) 

[l.  0,  0.  0] 
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VARIABLE 


DEFINITION 


PRNA14 


Combustor  case  labor  cost  complexity  factor  (see  "a" 
in  Equation  (14)  of  Section  2.  3.  5.  1)  Q . o] 


PRNA15 

PRNA16 


Combustor  case  material  cost  complexity  factor  (see 
"a  " in  Equation  (15)  of  Section  2 . 3 . 5.  1)  [1 . oj 


Case  insulation  cost  complexity  factor  (see  "a"  in 
Equation  (16)  of  Section  2.  3.  5.  1)  (_1 . o] 


PRNAI7 


Nozzle  cost  complexity  factor  (see  "a"  in  Equation  (17) 
of  Section  2 . 3 . 5.  2)  [l . 0^ 


PRNA18 , PRNB18 


Total  combustor  cost  complexity  factor  and  miscellaneous 
cost  (see  "a"  and  "b " in  Equation  (18)  of  Section 
2.  3.  5.  2)  \l.  0,  0.  0] 


PRNA19,  PRNB19, 
PRNC19 


Total  ramjet  first  unit  production  cost  inflation  factor, 
complexity  factor,  and  miscellaneous  cost  (see  "a", 
"b",  and  "c  " in  Equation  (19)  of  Section  2.  3.  5,  2) 

[l . 0 , 1.0,  0 . o] 


PRNA22 , PRNB22, 
PRNC22 


RDT&E  cost  inflation  factor,  complexity  factor,  and 
miscellaneous  cost  (see  "a",  "b",  and  "c  " in  Equation 
(22)  of  Section  2.  3.  5.  2)  [l.  0,  1.0,  0.  o] 


CFC 


Materials  factor  used  to  compute  combustor  labor  cost 
(internal  value  dependent  on  CASEM  used  if  input  as 
zero)  [_0.  o] 


PFC 


CFT 


PFT 


PR  JC 


Materials  factor  used  to  compute  combustor  material 
cost  (internal  value  dependent  on  CASEM  used  if  input  as 
ze  ro)  [o . o] 

Materials  factor  used  to  compute  fuel  tank  labor  cost 
(internal  value  dependent  on  MATTK  used  if  input  as 
zero)  [0.  o] 

Materials  factor  used  to  compute  fuel  tank  material 
cost  (internal  value  dependent  on  MATTK  used  if  input 
as  zero)  [o.  6] 

Ramjet  contractor  profit  margin  J_0.  lj 
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FIGURE  III  - 3 7 


CGSM  INPUT  - RCM  PROPULSION  CER  COEFFICIENTS 
(NAMCCP  NAMELIST) 

VARIABLE  DEFINITION 

LIQUID  ROCKET  SUSTAINER  TERMS 


PLB 1 , PLC1 

PLAZ , PLB2 

PLB4,  PLC4 

PLA5,  PLB5 

PLB6 , PLC6 

PLA7,  PLB7 

PLB9,  PLC9 

PL  A 1 0 , PLB  1 0 

PLA12,  PLB  1 2 

PLB  14,  PLC14 

PLC15,  PLD15 

PLB  16 , PLC16, 
PLD16 

PLD19,  PLE19 


Thrust  chamber  labor  coefficients  (see  "b"  and  "c  " in 
Equation  (1)  of  Section  2.  3.  2.  1) 

Thrust  chamber  materials  coefficients  (see  "a"  and  "b" 
in  Equation  (2)  of  Section  2.3.2.  1) 

Turbopump  labor  coefficients  (see  "b " and  "c  " in 
Equation  (4)  of  Section  2.  3.  2.  2) 

Turbopump  materials  coefficients  (see  "a"  and  "b " in 
Equation  (5)  of  Section  2.  3. 2.  2) 

Gas  Generator  and  start  cartridge  labor  coefficients 
(see  "b"  and  "c  " in  Equation  (6)  of  Section  2.  3.  2.  2) 

Gas  generator  and  start  cartridge  material  coefficients 
(see  "a"  and  "b"  in  Equation  (7)  of  Section  2.  3.  2.  2) 

Miscellaneous  hardware  labor  coefficients  (see  "b"  and 
"c"  in  Equation  (9)  of  Section  2.  3.  2.  3) 

Miscellaneous  hardware  materials  coefficients  (see  'a" 
and  "b"  in  Equation  (10)  of  Section  2.  3.  2.  3) 

Nitrogen  storage  bottle  coefficients  (see  "a  and  "b  ” in 
Equation  (12)  of  Section  2.  3. 2. 4) 

Tankage  cost  coefficients  (see  "b " and  "c " in  Equation 
(14)  of  Section  2.  3.  2.  4) 

Fuel/oxidize r cost  coefficients  (see  !'c'’  and  "d  " in 
Equation  (15)  of  Section  2.3.2.  5) 

Propellant  loading  cost  coefficients  (see  "b",  "c",  and 
"d"  in  Equation  (16)  of  Section  2.  3.2.6) 

RDT&E  cost  coefficients  (see  "d  " and  "e  " in  Equation 
(19)  of  Section  2.  3.  2.  9) 
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VARIABLE 


PEA1 , PEB 1 , 
PEC  1 

PE AZ , PEB2, 
PEC2 

PEB4 , PEC4 , 
PED4 

PEB5 , PEC5, 
PED5 , PEE5 

PEC6 , PED6 


PEB7,  PEC7, 
PED7 

PEC  1 1 , PED11 


DEFINITION 

EXTERNAL  BOOSTER  TERMS 


Motor  case  labor  cost  coefficients  (see  "a",  "b",  and 
"c  " in  Equation  (1)  of  Section  2.3.6.  1 ) 

Case  material  cost  coefficients  (see  "a",  "b",  and  "c " 
in  Equation  (2)  of  Section  2.3.6.  1) 

Motor  total  cost  coefficients  (see  "b",  "c",  and  "d " in 
Equation  (4)  of  Section  2.  3.  6.  1) 

Nozzle  coefficients  (see  "b",  "c ",  "d",  and  "e " in 
Equation  (5)  of  Section  2.  3.  6.  2) 

Propellant  cost  coefficients  (see  "c  " and  "d  " in  Equation 
(6)  of  Section  2.  3. 6.  3) 

Propellant  loading  cost  coefficients  (see  "b",  "c",  and 
"d"  in  Equation  (7)  of  Section  2.  3.  6.  3) 

RDT&E  cost  coefficients  (see  "c " and  "d  " in  Equation 
(11)  of  Section  2 . 3 . 6 . 6) 


SOLID  ROCKET  SUSTAINER  TERMS 


PSA1 , PSB1, 
PSC1 

PSA2 , PSB2 , 
PSC2 

PSB4 , PSC4, 
PSD4 

PSB5 , PSC5, 
PSD5 , PSE5 

PSB6 , PSC6, 
PSD6 , PSE6 

PSB7 , PSC7, 
PSD7,  PSE7 

PSC11,  PSD11 


Motor  case  labor  cost  coefficients  (see  "a",  "b",  and 
"c  " in  Equation  (1)  of  Section  2.  3.  1.  D 

Motor  case  material  cost  coefficients  (see  "a",  "b", 
and  "c"  in  Equation  (2)  of  Section  2.  3.  1.  1) 

Case  insulation  cost  coefficients  (see  "b",  "c",  and  "d " 
in  Equation  (4)  of  Section  2.  3.  1.  1) 

Nozzle  cost  coefficients  (see  "b",  "c",  "d",  and  "e  " in 
Equation  (5)  of  Section  2.  3.  1.2) 

Propellant  cost  coefficients  (see  "b",  "c",  "d"and  "e " 
in  Equation  (6)  of  Section  2.  3.  1.  3) 

Propellant  loading  cost  coefficients  (see  "b",  "c",  "d", 
and  "e  " in  Equation  (7)  of  Section  2.3.  1.  3) 

RDT&tE  cost  coefficients  (see  "c  " and  "d"  in  Equation 
(11)  of  Section  2.  3.  1 . 6) 
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VARIABLE 
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FIGURE  III -37  (Cont'd.) 


DEFINITION 


TURBOJET  SUSTAINER  TERMS 


PTB 1 , PTC  1 


PTA2 , PTB2 


PTA3 , PTB3 

PTC5 , PTD5 

PTB6 , PTC6 , 
PTD6 

PT DIO,  PTE  10 


PRIB1,  PRIC1 


PRIB2 , PRIC2 


PRIB4,  PRIC4, 
PRID4 

PRIB5,  PRIC5 


PRIB9,  PRIC9, 
PRID9,  PRIE9, 
PRIF9 

PRIB11,  PRIC11, 
PRID11,  PRIE11, 
PRIF 1 1 

PRIC12,  PRID12 


PRIB13,  PRIC13, 
PRID13 


Engine  cost  coefficients  (see  "b"  and  "c " in  Equation 
(1)  of  Section  2.3.3.  1)  (PTB1  is  set  internally  based  on 
turbine  inlet  temperature  if  input  as  zero) 

Tankage  labor  cost  coefficients  (see  "a"  and  "b"  in 
Equation  (2)  of  Section  2.  3.  3.  2) 

Tankage  material  cost  coefficients  (see  "a"  and  "b"  in 
Equation  (3)  of  Section  2.  3.  3.  2) 

Fuel  cost  coefficients  (see  "c  " and  "d " in  Equation  (5) 
of  Section  2.  3.  3.  3) 

Fuel  loading  cost  coefficients  (see  "b",  "c",  and  "d " 
in  Equation  (6)  of  Section  2.  3.  3.  3) 

RDT&E  cost  coefficients  (see  "d  " and  "e  " in  Equation 
(10)  of  Section  2.  3.  3.  5) 

INTEGRAL  RAMJET  TERMS 


Tank  labor  cost  coefficients  (see  "b"  and  "c  " in  Equa- 
tion (1)  of  Section  2.  3.  4.  1) 

Tank  material  cost  coefficients  (see  "b"  and  "c  " in 
Equation  (2)  of  Section  2.  3.  4.  1) 

Tank  external  insulation  cost  coefficients  (see  "b", 

"c",  and  "d"  in  Equation  (4)  of  Section  2.3.4.  1) 

Nitrogen  gas  bottle  cost  coefficients  (see  "b"  and  "c  " in 
Equation  (5)  of  Section  2.  3.  4.  1) 

Solid  gas  pressurization  system  cost  coefficients 
(see  "b",  "c",  "d",  "e",  and  "f"  in  Equation  (9)  of 
Section  2.  3. 4.  2) 

Ram-air  turbine  pressurization  system  cost  coefficients 
(see  "b"  through  "f"  in  Equation  (11)  of  Section  2.  3. 4.  2) 

Fuel  cost  coefficients  (see  "c  " and  "d"  in  Equation  (12) 
of  Section  2.  3.  4.  3) 

Fuel  loading  cost  coefficients  (see  "b",  "c",  and  "d " in 
Equation  (13)  of  Section  2.  3. 4.  3) 
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VARIABLE 

PRIB14,  PRIC14, 
PRID14 

PR  IB  1 5 , PRIC15, 
PRID15 

PRIB16,  PRIC16, 
PRID16 

PRIB17,  PRIC17, 
PRID17,  PRIE17 

PRIC18,  PRID18 


PRIB19,  PRIC19, 
PRID19 

PRID26 


PRNB1,  PRNC1 


PRNB2 , PRNC2 

PRNB4 , PRNC4 , 
PRND4 

PRNB5,  PRNC5 

PRNB9,  PRNC9. 
PRND9,  PRNE9, 
PRNF9 

PRNB11,  PRNCI1, 
PRND11,  PRNE11, 
PRNF11 

PRNC12,  PRND12 


PRNB13,  PRNC13, 
PRNDI3 


DEFINITION 


Combustor  case  labor  cost  coefficients  (see  "b",  "c", 
and  "d  " in  Equation  (14)  of  Section  2.  3.  4. 4) 

Combustor  case  material  cost  coefficients  (see  "b", 

"c  ",  and  "d  " in  Equati on  (15)  of  Section  2.  3.4.4) 

Combustor  case  insulation  cost  coefficients  (see  "b", 
"c  ",  and  "d  " in  Equation  (16)  of  Section  2.  3.  4.  4) 


Nozzle  cost  coefficients  (see  "b",  "c",  "d",  and  "e " in 
Equation  (17)  of  Section  2 . 3 . 4.  4) 

Booster  propellant  cost  coefficients  (see  "c  " and  "d  " in 
Equation  (18)  of  Section  2.3.4.  4) 

Booster  propellant  loading  cost  coefficients  (see  "b", 

"c  ",  and  "d  " in  Equation  (19)  of  Section  2 . 3 . 4.  4) 


RDT&E  cost  coefficient  (see  "d " in  Equation  (26)  of 
Section  2.  3.4.  5) 

NON-INTEGRAL  RAMJET  TERMS 

Tank  labor  cost  coefficients  (see  "b"  and  "c  " in  Equa- 
tion (1)  of  Section  2.3.4.  1) 


Tank  material  cost  coefficients  (see  "b"  and  "c  " in 
Equation  (2)  of  Section  2.  3.  4.  1) 

Tank  external  insulation  cost  coefficients  (see  "b", 
"c",  and  "d"  in  Equation  (4)  of  Section  2.3.4.  1) 

Nitrogen  gas  bottle  cost  coefficients  (see  "b " and  "c  " 
in  Equation  (5)  of  Section  2.3.4.  1) 


Solid  gas  pressurization  system  cost  coefficients 
(see  "b",  "c",  "d",  "e",  and  "f"  in  Equation  (9)  of 
Section  2.  3. 4.  2) 


Ram-air  turbine  pressurization  system  cost  coefficients 
(see  "b"  through  "f"  in  Equation  (11)  of  Section  2.  3.  4.  2) 


Fuel  cost  coefficients  (see  "c  " and  "d"  in  Equation  (12) 
of  Section  2.3.4.  3) 

Fuel  loading  cost  coefficients  (see  "b",  "c",  and  "d  " 
in  Equation  (13)  of  Section  2.  3.  4.  3) 
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VARIABLE 

PRNB14,  PRNC14, 
PRND14 

PRNB15,  PRNC15, 
PRND15 

PRNB16,  PRNC16, 
PRND16 

PRNB17,  PRNC17, 
PRND17,  PRNE17 

PRND22 


DEFINITION 


Combustor  case  labor  cost  coefficients  (see  "b",  "c  ", 
and  "d"  in  Equation  (14)  of  Section  2.  3.  5.  1) 

Combustor  case  material  cost  coefficients  (see  "b", 
"c",  and  "d"  in  Equation  (15)  of  Section  2.  3.  5.  1) 

Combustor  case  insulation  cost  coefficients  (see  "b", 
"c  ",  and  "d"  in  Equation  (16)  of  Section  2.  3.  5.  1) 

Nozzle  cost  coefficients  (see  "b",  "c ",  "d",  and  "e " 
in  Equation  (17)  of  Section  2.  3.  5.  2) 

RDT&E  cost  coefficient  (see  "d " in  Equation  (22)  of 
Section  2.  3.  5.  2) 
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BLOCK  DATA  INPUT 

Most  prestored  values  for  NAMELIST  list  items  are  set  through 
BLOCK  DATA  modules.  Those  modules  and  their  settings  are  provided 
for  convenience  only,  and  will  not  normally  change.  However,  there  is 
a second  category  of  BLOCK  DATA  in  the  CGSM  which  performs  the  function 
of  true  input.  Liquid  fuel  performance  characteristics  and  solid  propellant 
performance  characteristics  are  prestored  through  BLOCK  DATA  and  can- 
not be  altered  through  the  conventional  CGSM  table/list  input  options.  Any 
change  to  those  performance  data  must  be  effected  by  coding  and  compiling 
a revised  set  of  BLOCK  DATA  modules.  The  advantage  of  using  BLOCK 
DATA  for  those  data  lies  in  the  significant  reduction  in  computer  field 
length  requirements. 


5 . 1 Liquid  Fuel  Input 

Liquid  sustainei  fuel  data  are  stored  in  two  forms.  The  first 
requirement  is  for  theoretical  specific  impulse  (ISP)  as  a function  of 
expansion  ratio  (ER),  mixture  ratio  (MR),  and  chamber  pressure  (PC). 
Also  required  is  expansion  ratio  as  a function  of  ISP,  MR  and  PC.  Both 
of  those  data  requirements  are  filled  in  the  CGSM  through  BL<JCK  DATA 
storage.  A N^O^/UDMH  (oxidizer/fuel)  propellant  type  is  stored,  in 
the  form  shown  in  Figures  III- 38  and  III- 39. 

The  liquid  fuel  specific  impulse  table  is  stored  in  a CtJMMON 
block  defined  by 

C0MMCJN  R(2CL/TAISP(631). 

The  TIASP  array  is  shown  in  Figure  III- 38  to  consist  of  the  following 
components: 

T AISP(  1 )— (5)  = PC  (1)— (5), 

TAISP(6)-(ll)  = MR(l)-(6), 

TAISP  (12)— (31)  = ER(1)— (20), 
and  TAISP(32)-(631)  = ISP(1,  1.  l)-(20,6,  5) 
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FIGURE  rn-38 

Liquid  Rocket  Fuel  Deck  - Specific  Impulse  Table 


DATA  NPCP»NMRP,NEXP/5,6,20/ 

1 \ x 

#PC  # MR  # ER 


,-ISP(l,  1.1) 

DATA  TAISP  / 20,, 

100., 

300., 

500., 

7 

2000.,  _ 

PC 

> 7 

1 -2.0,  2 
2 a.o,  6 

.2,  2. a,  2 
,0,  8,0,10 

. 6 , 2,3 
.0,12.0 

, 3.0, 
,19.0,16 

,0,18.0, 

20.0,25. 

J 

o,30.o,: 

S90.o,95 

.0,50.0,60 

.0,70,0 

,30.0,90 

,0,100.0 

9 

a 279. a. 

291.5, 

293.7, 

303,7, 

307.5, 

310.5, 

313.0, 

3 315.0, 

316.9, 

320.5, 

323.2, 

325. a. 

327.3, 

328.8, 

6 330.2, 

332. a, 

339.2, 

335.6, 

336.9, 

323.0, 

7 260,0, 

292.3, 

300.0, 

305,3, 

309.0, 

312,6, 

315.3, 

§ 317.6, 

319.5, 

323.9, 

326.3, 

328.7, 

330.7, 

332.3, 

9 333.8, 

336.2, 

338.1  , 

339,7, 

391.0, 

392,2, 

A 278.6, 

291.5, 

299,6, 

305.3, 

309.7, 

313.2, 

316.1, 

B 318,5, 

320.7, 

329,3, 

328.0, 

330,5, 

332.7, 

339.5, 

C 336,0, 

538.6, 

390.6, 

392.9, 

393.8, 

395.1  , 

D 276,2, 

289.(1, 

297.8, 

303.9, 

308.5, 

312.2, 

315.3, 

E 317,9, 

320.2, 

329.7, 

328.2, 

331.0, 

333.3, 

335,2, 

F 336.9, 

339.7, 

391.9, 

393.8, 

395.9, 

*■59  6,7/ 

ISP(1,  5,  1) 

* 

ISP(20,  4 , 1) 

1 

273,9, 

286,6, 

295.1, 

301.3, 

306.0, 

309,9, 

2 

315.8, 

318.3, 

323.1, 

326.9, 

329.9, 

332.9, 

3 

336.9, 

339.9, 

391.8, 

393.9, 

395.6, 

397.1, 

9 

270.5, 

283,6, 

292,1, 

298.2, 

303.0, 

306,8, 

5 

312.8, 

315.2, 

320.2, 

329,1, 

327,2, 

329,8, 

6 

339.1, 

337.9, 

390.0, 

392.3, 

399.2, 

*395,8, 

313.1, 
33a. 3, 

310.1, 

332.1, 


LSP(20,  6,  1) 


HI-130 


A 
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ISP(1.  1,2) 


“282, 1, 

293.4. 

300.3, 

305.2, 

308.9, 

311.8, 

314,3, 

9 

316.3, 

318.1, 

321.6, 

324.3, 

326.4, 

328.2, 

329,7, 

3 

331.0, 

333.2, 

335.0, 

336.4, 

337.7, 

338.7, 

4 

283.1, 

295.0, 

302.4, 

307.6, 

311.5, 

314.7, 

317.2, 

5 

319.4, 

321.3, 

325.0, 

327.9, 

330.2, 

332.1, 

333.7, 

6 

335.1, 

337.4, 

339.3, 

340.8, 

342.1, 

343,3, 

7 

282.5, 

295.1, 

302,9, 

308.4, 

312.6, 

316.0, 

318.7, 

e 

321.0, 

323.0, 

327.1, 

330.1  , 

332.6, 

334,6, 

336.4, 

9 

337.8. 

340,3, 

342.3, 

344.0, 

345,4, 

346,6, 

A 

280.7, 

293.7, 

302.0, 

307,8, 

312.3, 

315.3, 

318.8, 

B 

321.3, 

323.5, 

327.7, 

331.0, 

333,7, 

335.9, 

337,7, 

C 

339.3, 

342.0, 

344,1  , 

345.9, 

347.4, 

348.7, 

D 

278.0, 

291.2, 

299.7, 

305,8, 

310.4, 

314,2, 

317.4, 

t 
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322.3, 

327.0, 

330.5, 

333.4, 

335.8, 

337,8, 

F 

339.5, 

342.4, 

344.7, 

346,6, 

348.2, 

349.7, 

C 

275.1, 

260.2, 

296.7, 

302.0, 

307.5, 

311.3, 

314,5, 

H 

317.3, 

319.6, 

32'. '.5, 

328.3, 

331.3, 

333.9, 

336.1, 

X 

338.0, 

341.1, 

343.6, 

345.7, 

347.5, 

^349.1, 

( 

/ 

•ISP(2 0,  6, 

2) 

(ISP(1. 

1.3) 

* 

l 

*283.1, 

294.3, 

301.1, 

305.9, 

309.6, 

312.5, 

314.9, 

2 

316.9, 

316.6, 

322.1, 

324,8, 

326,9, 

328.7, 

330.2, 

3 

331.5, 

333.6, 

335.4, 

336.8, 

338.0, 

339.1, 

4 

284.7, 

296.4, 

303.7, 

308,8, 

312.6, 

315.7, 

318.2, 

5 

320.2, 

322.2, 

325.9, 

328.7, 

331.0, 

332.3, 

334,4, 

6 

335.8, 

338.1, 

339.9, 

341.4, 

342.7, 

343,8, 

7 

284.6, 

297.1, 

304.7, 

310.1, 

314.2, 

317.5, 

320.2, 

§ 

322.4, 

324.4, 

326.3, 

331.3, 

333.7, 

335.7, 

337,4, 

9 

338.6, 

341.3, 

343.2, 

344.8, 

346.2, 

347.4, 

A 

263.4, 

296.3, 

300,3, 

310.1, 

314.4, 

317.9, 

320.7, 

B 

323.1, 

325.3, 

329.4, 

332.6, 

335.2, 

337.3, 

339.1, 

C 

340.7, 

343.3, 

345.3, 

347.1, 

348.5, 

349.8, 

0 

261.0, 

294.2, 

302.5, 

308.5, 

313.1, 

316.8, 

319,8, 

c 

322.4, 

324.7, 

329.2, 

332.6, 

335.4, 

337.7, 

339.6, 

F 

341,3, 

344.1, 

306.3, 

348,2, 

349,7, 

351.1, 

6 

278.1, 

291.2, 

299.6, 

305.7, 

310.4, 

314.1, 

317.3, 

H 

320.0, 

322.3, 

327.1, 

330.8, 

333.8, 

336.3, 

338,4, 

X 

340.2, 

343.3, 

345.7, 

347.7, 

349,5,  ; 

sr 35 1 • 0/ 

ISP(20,  6,  3) 

III  -131 

/ 


FIGURE  111-38  (Continued) 


ISP(1,  1.4) 


?83.5# 

294,6, 

301.4, 

306.2, 

309.9, 

312.7, 

315.1* 

317,1, 

318.6, 

322.3, 

325,0, 

327.1, 

328,9, 

330.3* 

331.6, 

333.8, 

335.5, 

336.9, 

338,2* 

339.2, 

265.4, 

297.0, 

304,2, 

309.2, 

313.0, 

316.1, 

316,6* 

320.5, 

322.5, 

326.2* 

329.0, 

331.3, 

333.1* 

334,7, 

336.1, 

338.3, 

340.1  , 

341,6, 

342.9, 

344,0* 

265. 7* 

297.9, 

305.5* 

310.8, 

314.8, 

318.1* 

320.7* 

323.0, 

324.9, 

328,8, 

331.8, 

334.1, 

336,  1, 

337.8, 

339,2, 

341,6, 

343.6, 

345,2, 

346.5, 

347.7, 

264,6, 

297,4, 

305.3, 

311.0, 

315.5, 

318.7, 

321.5, 

323.9, 

325.9, 

330.1  * 

333.3* 

335.3, 

337.9, 

339,7* 

341.2, 

343.8, 

345.8, 

347.5, 

349.0, 

350.2, 

D 

282.3, 

295.4, 

303.7, 

309.7, 

314.2* 

317,9, 

320,9, 

323.5* 

325.7, 

330.1  * 

333,5* 

336.2* 

336.4* 

340,4* 

342.0, 

344,8, 

347.0, 

348,8, 

350.3, 

351.7, 

G 

279.4, 

292.5, 

300,9, 

306.9, 

311.6, 

313,4, 

318.3, 

H 

321.2* 

323.6, 

328.3* 

331.9, 

334,9, 

337.3* 

339,4, 

I 

341.2, 

344,2, 

346,6, 

348.6, 

350.3, 

»3S1.7, 

ISP(1. 


ISP(20,  6.4) 


284.3, 

295.3, 

302.0* 

306,8, 

310.3, 

313.2, 

315.5, 

317.5, 

319.3, 

322.7, 

325.3, 

327.4, 

329,2, 

330.7, 

332*0* 

334.1, 

335.6, 

337.2, 

336.4, 

339.5, 

266.7* 

298.1, 

305.2, 

310.1, 

313.9, 

316.9, 

319.3, 

321.6, 

323.3, 

326,9, 

329,7, 

331.9, 

333.7, 

335.3, 

336.6* 

338.8, 

340.6* 

342*1* 

343.4, 

344.5, 

287.7, 

299.7, 

307.0, 

312.2* 

316.2, 

119.4, 

322,0, 

324.1, 

326.0, 

329,9, 

332*8, 

335.1, 

337.0, 

338,7# 

340*1* 

342.4, 

344,3# 

345.9, 

347.2, 

346.4, 

267.3* 

299.8, 

307.6, 

313*1# 

317.2 , 

320.6, 

323,2# 

325*5* 

327 .6, 

331.6, 

334*7, 

337.2, 

339.2, 

341.0# 

342.5* 

345.0* 

547.0# 

348.6# 

350.0# 

351.3# 

D 

265.6, 

298.5, 

306.7, 

312,5, 

316.9, 

320.6, 

323*3# 

E 

325.8, 

327.9, 

332.3, 

335.5, 

338.1, 

340.3, 

342.1, 

F34S.7, 

366.4, 

348.5,  350.3*  351.8,  353*1, 

G 

262.8, 

295.9, 

304,2, 

110.1, 

314,7, 

316.6, 

321.5# 

H 

324.1, 

326.4, 

331.0, 

334,5, 

S37.fl, 

339.7, 

341,7# 

! 

343.5, 

346.3# 

346.6, 

350.5, 

352. 2, 

*153.6/ 

BP(20,6.  5) 


i III-  13? 


FIGURE  EII-39 

Liquid  Rocket  Fuel  Deck  - Expansion  Ratio  Table 


DATA  NPC»NMR#NI5P/5#6#26  / 


#PCX  # MRX 


0ISPX 


PCX 


DATA  TAEXP  / 20.#  100,#  300.#  500 

2.0#  2.2#  2.9#  2.6#  2.9#  3,0# 

.#  2000 

" 3 J 

MRX 

269.0#  270.0#  276,0,  282.0#  208,0# 

293,0# 

298.0# 

,303.0# 

308.0, 

312,0#  316.0#  320.0,  32«,0#  326.0, 

329.0, 

332.0, 

335.0# 

338,0# 

390.0#  392.0#  399.0#  396,0#  398,0# 

350.0# 

352,0# 

359,0 . 

XER(  1 , 1,1) 


I 


1 

00.00# 

00.00# 

00,00# 

9.36# 

5.90# 

6.92# 

7.81# 

9.72, 

12.33# 

2 

15.20# 

19,05# 

29.31# 

31,82, 

36.58, 

95.71# 

58,18, 

75,72# 

99,99# 

3 

0.00# 

0.00# 

0.00# 

0.00# 

0.00, 

0.00# 

0.00# 

0.00# 

9 

0.0  # 

0.0  # 

0.0  # 

9.33, 

5.30# 

6,18# 

7.98# 

9,13, 

11,32# 

5 

13.63# 

16.61# 

20.69# 

26,03# 

29.98, 

35.75, 

99.06# 

55,00# 

69.97# 

6 

62.31# 

98,33# 

0.00# 

0,00# 

0.00# 

0.00# 

0.00# 

0,00# 

T 

0.00# 

0.00# 

0.00# 

9.53# 

5.96# 

6.37, 

7.60, 

9,19, 

11.23# 

8 

13.31, 

15.93# 

19.36# 

29,02# 

26.68# 

32.00# 

38.91, 

96,67# 

57.69# 

9 

67.00# 

77.78, 

91.59, 

0,00# 

0,00# 

0.00# 

0.00# 

0,00# 

A 

0.00# 

0.00# 

0.00# 

9.86# 

5.79# 

6,66# 

8.07# 

9.70# 

11.76# 

8 

13.89# 

16,59# 

19.83# 

29.22# 

26,66# 

31.93# 

37,17, 

99,97# 

53.93, 

C 

61.36# 

70.53, 

81.25# 

99,62, 

0,00# 

0,00# 

0.00# 

0.00# 

D 

0.00# 

0.00# 

9.39, 

5,30# 

6.33# 

7.51# 

6.99# 

10.72# 

13.03# 

E 

15.31, 

16.16, 

21.77# 

26.18# 

26.82# 

33.50, 

39.20# 

96.32# 

55.33# 

f 

62.50# 

70.95# 

80.59# 

92.67# 

0.00# 

0.00# 

0.00# 

o.oo# 

C 

0.00# 

0,00# 

9.69# 

5.76# 

7.09, 

8.30# 

9.93, 

12.00# 

19.73, 

H 

17.9! , 

20.60# 

29.80, 

29.87# 

33.06# 

36.96# 

99.78# 

52,73# 

62.31# 

I 

70.00# 

78.70# 

86,95# 

0,00# 

0.00# 

0.00# 

0.00# 

0,00» 

/ 


XER(26.  6.  1) 


?ISP 


, UI-133 


J 

FIGURE  III-39  (Continued) 


XER(  1 , 1 , 2) 


\ 


0.00, 

0.00, 

0,00, 

0.00, 

5.04, 

5,91, 

7.33, 

9.10# 

11.51, 

14.16, 

17.70, 

22.71 , 

29.44, 

34.05, 

42.67, 

54.55, 

70,00, 

93,00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0,00, 

0.00, 

0.00, 

4.82, 

5.66, 

6.61, 

6,23, 

10.21# 

5 

12.31, 

15.04. 

18.63, 

23.65, 

26.72, 

32.39. 

39.74, 

49,64, 

61.16# 

74.67, 

89.23, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0,00, 

4.37, 

5.67, 

6.74, 

8,04, 

9.85, 

11.71, 

14.00, 

17.13, 

21.22, 

23.66, 

28.17, 

33,80, 

41.11, 

50.80# 

58.80, 

68,50, 

80.00, 

95.00, 

0.00, 

0.00, 

0.00, 

0,00, 

0.00, 

0.00, 

0.00, 

4.20, 

5.12, 

5.89, 

7,04, 

8.34, 

10.09, 

11.87, 

14.13, 

16.96, 

20.60, 

22.98, 

26.97, 

31.05, 

37.95, 

45.94, 

52.59, 

60,00, 

69.52, 

80.67, 

94.62, 

0,00, 

0,00, 

0.00, 

D 

0.00, 

0.00, 

0.00, 

4.61  , 

5.52, 

6,42, 

7.60, 

9,00, 

10,96, 

12.84, 

15.13, 

18.00, 

21.01, 

23.94, 

27.86, 

32,59, 

38.33, 

45.59, 

51.72, 

58.62, 

66.96, 

76.04, 

88, 7S, 

0.00, 

0.00, 

0,00, 

e 

0.00, 

0.00, 

4.14, 

5,05, 

5.97, 

7.13, 

8.43, 

10,09, 

12.26, 

M 

14,44, 

17.07, 

20.41, 

24.49, 

26.97, 

31.17, 

36.35, 

42,50, 

50.00, 

I 

56,45, 

63.60, 

71.91, 

81.67, 

93.13, 

0.00, 

0.00, 

0,00. 

/ 

XER(  1 , 1,3) 

XER(26 , 6,  2) 

/ 


1 0.00# 

0,00, 

0.00, 

0.00# 

4.86# 

5.77, 

7.09, 

8.79, 

11.14# 

2 13.66, 

17.10, 

22.00, 

26.52, 

32.86, 

41.00, 

52.38, 

67,78, 

90.00# 

3 0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00# 

4 0.00# 

0.00# 

0.00, 

0.00, 

4.56, 

5.42, 

6.44, 

7.81, 

9.69, 

5 11.68, 

14.24, 

17.80, 

22.43, 

25.18, 

30.65, 

37.78, 

47.14# 

59.57, 

6 70.67, 

84.62, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0,00# 

7 0.00, 

0.00, 

0.00, 

0.00, 

4.52, 

5.33# 

6.24, 

7,55# 

9.22# 

8 10.93, 

13.09, 

15.85, 

19.60, 

22.05, 

26,17, 

31.46, 

38.25, 

47,14, 

9 54.80, 

63.66, 

75.00, 

88,57# 

0,00, 

0,00, 

0.00, 

8.00# 

i 0.00, 

0.00, 

0.00# 

0.00# 

4.71, 

5.49, 

6.43# 

7,68# 

9,28# 

B 10.68, 

12.91, 

15.50# 

18.82# 

20.85# 

24.51, 

29.06# 

34.62# 

41,94# 

C 47.81, 

55.00, 

63.50# 

73.09, 

66.43# 

0.00# 

0.00# 

0,00# 

D 0,00, 

0.00, 

0.00# 

4,15, 

5.06# 

5.82, 

6.92, 

8,17, 

9,83# 

E 11.52, 

13.57, 

16.15# 

19.39, 

21.44, 

24.78, 

29.12, 

34,29# 

40,79, 

F 46.16, 

52.50, 

59.64, 

66,64, 

78,95, 

92.14, 

0.00# 

0,00# 

0 0.00, 

0.00# 

0.00# 

4.60, 

5.51, 

6.43# 

7.62, 

9.11# 

10.96# 

H 12.66, 

15.19, 

18.00, 

21.77, 

23.85, 

27.57, 

32.00# 

37,40# 

44.05, 

I 49.44, 

55.81, 

62.92# 

71.50, 

81,67, 

93.33# 

0.00, 

0,00, 

XER(26,  6,  3) 


- m-134 

1 / 


XER(  1 , 1.4) 


FIGURE  111-39  (Continued) 


1 

0,00# 

0.00, 

0.00, 

0,00, 

6.67, 

5.57, 

7.00, 

8.75, 

10.97, 

* 

13.50, 

16.90, 

21.71, 

26.15, 

32.38, 

60.10, 

51.82, 

66,60, 

89.50, 

3 

98.00, 

0.00, 

0.00, 

0.00, 

0,00, 

0.00, 

0.00, 

0,00, 

a 

0.00, 

0.00, 

0.00, 

o.oo, 

6.66, 

5.12, 

6.60, 

7.75, 

9,52, 

5 

11. 67, 

13.9a, 

17.67, 

22.03, 

26.73, 

30.00, 

32.17, 

66.30, 

59.25, 

6 

69,50 » 

82.50, 

98,00, 

0.00, 

0.00, 

0.00, 

0.00, 

0,00, 

T 

0.00, 

0.00, 

0.00, 

0.00, 

6.52, 

5.11, 

6.00, 

7.30, 

8.96, 

e 

10.60, 

12.73, 

15.66, 

19.05, 

21.61, 

25.25, 

30.66, 

37.10, 

65.50, 

9 

52.75, 

62.00, 

75.00, 

0.00, 

0.00, 

O.OO, 

0.00, 

0.00, 

A 

0.00, 

0.00, 

0.00, 

0.00, 

6.60, 

5.13, 

5.95, 

7,33, 

8.93, 

B 

10.  67, 

12.01  , 

16.93, 

16.10, 

20.10, 

23.80, 

27.97, 

33.50, 

60.50, 

C 

66.25, 

52.75, 

62.22, 

7U.50, 

0.00, 

0.00, 

0.00, 

0,00, 

D 

o.oo, 

0.00, 

0.00, 

0.00, 

5.00, 

5.73, 

6.66, 

7.00, 

9.63, 

E 

11.02, 

12.97, 

15.60, 

18.65, 

20.36, 

23.50, 

27.79, 

32.50, 

39.00, 

F 

60.00, 

50.00, 

58,00, 

6 C , 0 0 , 

02.00, 

0.00, 

0.00, 

0,00, 

6 

0,00, 

0.00, 

0.00, 

6.60, 

5.00, 

6.00, 

7.35, 

0,80, 

10.67, 

H 

12.21, 

16.39, 

I7.il, 

20.63, 

22.55, 

25.55, 

30.17, 

35,25, 

61.50, 

I 

66.00, 

52.50, 

60.50, 

70.00, 

82.50, 

0.00, 

0.00, 

sr  0,00, 

XER(  1 , 1,  5) 


XER(26,  6,  4) 


1 

0.00, 

0,00, 

0.00, 

0.00, 

6.15, 

5.15, 

6,67, 

8.60, 

10.69 

2 

13.17, 

16.50, 

21.03, 

27.50, 

31.67, 

39,50, 

50.00, 

66,50, 

07.50 

3105.00, 

o.oo, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00 , 

0,00, 

0 

o.oo. 

0.00, 

0.00, 

0.00, 

6.00, 

5,0  Or 

6.10, 

7,50, 

9.16 

5 

11.00, 

13.60, 

16.61, 

20.97, 

23.75, 

29,00, 

35.28, 

66,10, 

56.00 

6 

68,20, 

86.92, 

0.00, 

0.00, 

0.00, 

0.00, 

0.00, 

0,00, 

7 

0.00 

, 0.00 

, 0.00 

, 0.00 

, 6.00 

, 6,60 

, 5.55 

, 6,80 

, 8.3 

8 

9.92, 

11.90, 

16.66, 

17.90, 

20,00, 

23.75, 

28.62, 

36.80, 

62.50 

9 

69.25, 

57.50, 

69,50, 

85,00, 

1 05.00, 

0.00, 

0.00 , 

0,00, 

A 

0,00, 

o.oo, 

0.00, 

0.00, 

6.00, 

6.50, 

5.50, 

6.80, 

8.15, 

8 

9.60, 

11.61  , 

13.65, 

16.70, 

10.63, 

21.50, 

25.65, 

30.50  , 

36.70 

C 

61.75, 

68.00, 

56.25, 

67.75, 

85.00, 

0,00, 

0,00, 

0.00, 

D 

0.00, 

0.00, 

0,00, 

0.00, 

«.50, 

5.10, 

6.00, 

7,00, 

8, as 

E 

9,38, 

11.59, 

13.77, 

16.56, 

18.19, 

21.10, 

26,70, 

29.00, 

36,90 

f 

59.50, 

66.90, 

50.75, 

57.75, 

67.62, 

0.00, 

0.00, 

0.00, 

C 

0.00, 

0.00, 

0.00, 

0.90, 

6.50, 

5.50, 

6,50, 

7,60  , 

9.29 

H 

10.83, 

12.70, 

15.03, 

17.92, 

19.65, 

22.50, 

26.30, 

30.75, 

36. ao 

I 

60.80, 

66,10, 

52.20, 

56.00, 

67,62, 

0,00 , 

0,00, 

*0.00/ 

III-135 


/ 

XER(26,  6.  5) 


r 

Should  a new  liquid  propellant  type  be  required,  the  user  may  select 
the  number  of  values  of  PC,  MR,  and  ER  to  be  used,  up  to  limits  of 
5,  6,  and  20,  respectively.  The  selected  numbers  are  stored  into 
COMMON  through 

C0MM0N/TABSEX/BLANK(3),  NPCP,  NMRP,  NEXR 
where  NPCP,  NMRP,  and  NEXR  communicate  the  actual  number  of  PC, 
MR,  and  ER,  respectively,  to  be  stored.  The  new  ISP  deck  is  then 
programmed  into  TAISP  as  follows: 

T AISP(  1)  — (NPCP)  5 PC(  1 ) — (NPCP), 

TAISP(NPCP+1)—  (NPCP  + NMRP)S  MR(1)-(NMRP), 

TAISP  (LA  + 1)— (IA  + NEXR)=ER(1)-(NEXR), 
where  IA  = NPCP  + NMRP, 

and  TAISP  (IB  + 1 )- (IB+IC)  = ISP  (1,  1,  1)-(NEXR,  NMRP, NPCP), 
where  IB  = NPCP  + NMRP  + NEXR, 
and  IC  = NPCP  (NMRP) (NEXR). 

The  deck  is  thus  stored  with  no  gaps  in  data  items. 

The  second  form  of  liquid  fuel  data  required  (expansion  ratio 
versus  ISP)  is  communicated  to  the  propulsion  sizing  modules  through  the 
COMMON  block  defined  by 

C<2MM0N/ROCLX/TAEXR(817). 

The  TAEXR  array  is  shown  in  Figure  III—  3 9 to  consist  of  the  following 
components: 

TAEXR(l)-  (5)=PCX(l)-(5), 

T AEXR(6)— ( 11)  »MRX(l)-(6), 

TAEXR(12)-(37)  — ISPX(l)-(26), 
and  TAEXR(38)-(817)aXER(l,  1.  l)-(26,6,5). 
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Should  a new  liquid  propellant  type  be  required,  the  user  may  select  the 
number  of  values  of  PCX,  MRX,  and  ISPX  to  be  used,  up  to  limits  of  5, 

6,  and  26,  respectively.  The  selected  numbers  are  stored  into  CQ)MM(2N 
through  the  packing  method  shown  for  the  ISP  table  above,  using 
COMMON /TABSEX/NPC,  NMR.NISP,  BLANK (3) 
where  NPC,  NMR,  and  NISP  communicate  the  desired  number  of  PCX, 
MRX,  and  ISPX,  respectively,  to  be  stored.  The  new  expansion  ratio  deck 
is  then  programmed  into  TAEXR  through  XER. 

5 . 2 Solid  Propellant  Input 

Solid  rocket  sustainer  propellant  performance  characteristics 
data  are  stored  in  BLOCK  DATA  modules.  The  HTPB  propellant  type 
is  stored  in  the  CGSM  currently.  Format  of  those  data  is  parallel  to  that 
discussed  above  for  liquid  fuel  data. 

The  solid  propellant  ISP  data  table  is  stored  through  DAT5.  Those 
data  which  are  presented  are  shown  in  Figure  III-40.  Data  are  communi- 
cated through  the  array  TAISP  and  the  following  COMMON  block: 
CQ)MMQ)N/PINSG5L  /T  AISP(  719). 

The  TAISP  array  consists  of  the  following  components  (see  Figure  1 1 1 — 40 ) : 
TAISP(l)-(2)  (Do  not  change). 

T AISP(3)-  (19)  = PC(1)-PC(17) 

TAISP(20)—  (39)=ER(1)-ER(20), 

TAISP(40)-(379)  = ISP(1)-ISP(340), 
and  TAISP(380)— (719)  (Do  not  change). 

Should  a new  solid  propellant  type  be  required,  the  user  may  select  the 
number  of  values  of  PC  and  ER  to  be  used,  up  to  limits  of  17  and  20, 
respectively.  The  selected  numbers  are  stored  into  COMMON  using: 
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FIGURE  UI-40 

Solid  Rocket  Fuel  Deck  - Specific  Unpul.  e Table' 
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C0MM0N/TABSET /BLANK  l.NPC.NISP,  BLANK 2,  NPCP,  NEXR 
where  BLANK  1 = BLANK2  = 2,  and  where  NPCP  and  NEXR  are  the  user 
selected  numbers  for  chamber  pressure  and  expansion  ratio,  respectively. 
The  new  ISP  deck  is  then  programmed  into  TAISP  as  follows: 

T AISP(  1 )-  (2)  (Do  not  change), 

TAISP(  3)-  (2+NPCP)  sPC(l)-PC(NPCP), 

TAISP(IA  + 1)-(IA+NEXR)=ER(1)-ER(NEXR), 
where  IA- 2+NPCP, 

and  TAISP(IB+1)-(IB+IC)*ISP(1)-ISP(IC), 
where  IB  = 2+NPCP  + NEXR, 
and  IC  = NPCP  (NEXR). 

The  deck  is  thus  stored  with  no  gaps  in  the  data. 

Solid  propellant  expansion  ratio  data  are  communicated  through  the 
COMMON  block  (see  Figure  III- 4 1 for  prestored  values): 

C0MM0N/C£MP/TAEPS(5O5). 

The  TAEPS  array  consists  of  the  following  components. 

TAEPS(l)— (2)  (Do  not  change), 

TAEPS(3)-(ll)  = PCX(l)-(9), 

TAEPS(12)— (37)=  ISPX(l)— (26), 

TAEPS(38)-(271)=XER(1,  l)-(26,9), 
and  TAEPS(272)— (505)  (Do  not  change). 

Should  a new  propellant  type  be  required,  the  user  may  select  the  num- 
bers of  values  of  chamber  pressure  (PCX)  and  specific  impulse  (ISPX)  to 
be  used,  up  to  limits  of  9 and  26,  respectively.  Those  numbers  are  labeled 
NPC  and  NISP  in  the  COMMON  block  (TABSET)  discussed  above.  Expansion 
ratio  data  for  the  new  propellant  type  are  then  packed  into  TAEPS  in  the 
manner  shown  above  for  the  ISP  table. 
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FIGURE  in- 41 

Solid  Rocket  Fuel  Deck  - Expansion  Ratio  Table 
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3.  OPTIONAL  DETAILED  OUTPUT 

Design,  performance,  and  sizing  data  may  be  output  at  each 
major  step  in  the  concept  generation  process.  Details  are  available  during 
propulsion  system  sizing,  aerodynamics  evaluations,  and  trajectory  simu- 
lations.  Available  data  are  discussed  in  the  following  paragraphs  and  are 
listed  sequentially  at  the  end  of  this  section. 

All  NAMELIST  input  list  parameters  are  assigned  prestored  values 
under  the  CGSM  input  method.  The  input  card  decks  need  reference  only 
those  lists  and  list  parameters  which  are  to  be  changed  away  from  their  pre- 
stored values  for  each  specific  JOB.  Two  forms  of  printout  are  provided 
to  identify  input.  The  first  output  form  is  a card  image  printout  of  the  in- 
put card  deck,  while  the  second  form  is  a formatted  printout  of  the  complete 
input  list  showing  values  (prestored  or  input)  for  all  list  parameters.  Those 
output  sets  may  be  examined  by  reference  to  the  sample  problem  (see 
Section  VII). 

The  complete  input  card  deck  is  read  and  printed  as  the  first  step 
of  CGSM  execution  unless  the  first  four  columns  of  the  PCODE  card  are 
left  blank.  Each  card  is  assigned  a sequential  card  number  by  the  CGSM 
as  it  is  read.  That  card  number  and  the  contents  of  the  card  are  then  printed 
on  the  output  file  to  provide  a permanent  record  of  each  JOB's  input. 

Under  the  CGSM  input  scheme,  the  number  of  list  parameters 
actually  input  through  the  card  deck  for  a given  JOB  may  be  a small  fraction 
of  the  total  number  of  parameters  in  the  list.  The  parameters  which  are 
allowed  to  default  to  their  input  values  are  as  much  an  input  to  the  JOB  as 
those  which  are  entered  through  the  card  deck,  however.  The  process  of 
combining  input  deck  values  with  prestored  values  by  the  CGSM  has  the 
following  steps: 
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(1)  Load  prestored  values  into  list  parameter  locations. 

(2)  Read  the  input  deck  and  print  card  images. 

(3)  Load  input  deck  values  into  referenced  list  parameters, 
replacing  their  prestored  values.  Parameters  not  ref- 
erenced retain  their  prestored  values. 

Output  of  all  list  parameters  following  step  3 results  in  printout  of  card 
input  and  default  values  as  well.  That  output  option  is  available  to  the  user 
if  INPRIN  = 1 is  input  through  the  NAM1  list  (see  Figure  III- 12).  Several 
variations  of  format  are  available,  as  can  be  seen  by  reference  to  the 
NAMl  list  (see  Figure  III- 12).  All  NAMELIST  parameters  of  all  lists 
which  are  referenced  by  the  input  deck  are  printed  when  INPRIN  = 1,  even  if 
a blank  list  is  input. 

The  various  specialty  submodels  are  linked  together  by  a set  of 
executive  modules  and  logic  blocks.  Optional  messages  are  printed  by  the 
executive  after  each  major  synthesis  step  to  improve  output  traceability. 
Summary  data  are  printed  at  selected  points  during  the  synthesis,  as  can 
be  seen  by  reference  to  the  sample  problem  (see  Section  VII).  Certain 
user  options  affect  the  synthesis  flow,  and,  therefore,  affect  labeling 
messages.  For  example,  if  the  performance  step  is  bypassed  through  the 
NAMBYP  list  (see  Figure  IV-27),  steps  g,  h,  i,  and  j are  bypassed  and 
their  associated  executive  output  is  suppressed.  Such  excursions  have  been 
assigned  executive  labeling  messages  parallel  to  those  already  discussed. 
Executive  labeling  is  suppressed  if  IPSM=IAIR=IVP=0  in  the  NAMl  list 
( see  Figure  III-  12). 

3.  1 Relative  Cost  Output 

Output  from  the  Relative  Cost  Model  consists  of  a summary  of 
RDT&E  and  first  unit  production  cost  items  as  well  as  total  (combined)  cost. 
That  output  is  shown  on  Figure  IV-4  (facing  pages  have  been  omitted  for 
this  figure  since  it  is  assumed  to  be  self-explanatory).  Further  discussion 


of  cost  output  is  found  in  Volume  V.  The  data  of  Figure  IV-4  are  printed  if 
ICOST  is  input  as  -1  in  the  NAMl  list  (see  Figure  III—  12)  and  is  omitted  if 
ICG&ST  =0. 

3.  2 External  Booster  Sizing 

Detailed  data  may  be  output  during  the  external  booster  sizing  step 
if  IPSM  = - 1 in  NAMl.  The  data  are  listed  and  defined  in  Figures  IV- 5 
and  IV-6.  A discussion  of  the  booster  sizing  methodology  is  included  in 
Appendix  D,  Vol.  HID. 

3.  3 Inlet  Sizing 

Design  and  weights  data  may  be  printed  during  the  inlet  sizing 
step  if  airbreathing  missiles  are  generated  and  if  IPSM  = - 1 in  NAMl. 

Inlet  data  are  listed  and  defined  in  Figure  IV- 7.  A discussion  of  inlet  siz- 
ing methodology  is  found  in  Appendix  E,  Vol.  HID. 

3 . 4 Ramjet  Sustainer  Sizing 

Details  on  ramjet  propulsion  system  design  and  sizing  are  avail- 
able as  output  for  each  concept  if  IPSM  = -1  or  IPSM  = - 2 in  the  NAMl  list. 
The  data  include  a missile  summary  data  list  (Figure  IV- 8),  a ramjet  fuel 
system  summary  (Figure  IV-9),  data  on  integral  ramjet  booster/combustor 
sizing  (Figure  IV- 10),  a summary  of  ramjet  nozzle  design  and  weights 
(Figure  IV-  11),  and,  finally,  a list  of  combustor/nozzle  parameters  for 
non-integral  ramjets  (Figure  IV- 12).  Ramjet  methodology  is  discussed  in 
Appendix  F,  Vol.  HID. 

3 . 5 Solid/Liquid  Rocket  Sustainer  Sizing 

Sizing,  design,  and  performance  parameters  available  for  out- 
put during  rocket  sustainer  sizing  are  defined  in  Figures  IV- 13  through 
IV- 15.  The  first  two  figures  list  solid  rocket  details  (see  also  Appendix  C, 
Vol.  IIIC),  while  Figure  IV- 15  presents  data  for  the  liquid  rocket  (see  also 
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Appendix  C,  Vol.  IIIC).  Output  is  suppressed  when  IPSM  = 0 and  is  enabled 
when  IPSM  = - 1 in  the  NAMl  list. 

3 . 6 Turbojet  Sustainer  Sizing 

Sizing,  design,  and  performance  parameters  available  for  the 
turbojet  sustainer  system  are  defined  in  Figures  IV- 16  and  IV- 17.  Output 
cf  those  lists  is  suppressed  when  IPSM  = 0 and  is  enabled  when  IPSM  = - 1 in  the 
NAMl  list.  A detailed  discussion  of  turbojet  methodology  is  included  in 
Appendix  G,  Vol.  HID, 

3.  7 Aerodynamic  Output 

Tables  of  drag  and  lift  coefficients  versus  Mach  number  and  alti- 
tude are  output  when  IAIR  = - 1 in  the  NAMl  list.  Those  tables  are  defined 
in  Figure  IV- 18.  Aerodynamics  methodology  is  documented  in  Appendix  A, 

Vol.  IIIB . 

3.  8 Trajectory  Simulation  and  Vehicle  Performance 

Time  histories  of  trajectory  variables  are  printed  in  a columnar 
format  in  two  tables,  as  shown  in  Figures  IV- 19  and  IV- 20,  if  IVP  = -1 
in  the  NAMl  list.  The  name  of  the  variable  and  its  units  appear  at  the  top 
of  each  column  on  each  page  of  output.  Definitions  of  the  variables  follow 
for  each  figure.  An  iteration  is  required  in  the  performance  model  to 
maximize  the  concept's  cruise  phase  range,  and,  thereby,  maximize 
overall  missile  range.  The  optional  output  during  that  iteration  is  included 
on  Figure  IV-20.  The  vehicle  performance  model  is  discussed  in  detail 
in  Appendix  B,  Vol.  IIIB. 
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FIGURE  IV  -4 


CGSM  OUTPUT  - RELATIVE  COST  DATA 


•4  ISSUE 


M ISS  ILE 


RELATIVE  COST  SUMMARY 


(LUSTS  IN  THUUSANDS  OF  1914  LCLIARSI 


DEVELOPMENT  COSTS 


AIRFRAME  ♦ INTEGRATION  2061  7.  17 


PROPULSION  SYSTEM  5042.37 


GUIDANCE  SYSTEM  172(37.19 


CONTROLS  SYSTEM  7690.45 


WARHEAD 2 iL  59. 42 

FIRST  UN  I T PRODUCTION  COSTS 

AIRFRAME  ♦ INTEGRATION 32b.  96 

PROPULSION  SYSTEM  66.35 

GUIDANCc.  SYSTEM  252.54 

CONTROLS  SYSTEM  91.90 

WARHtAD  3.06 

j sT  Through  First  unit  production 


74036. 56 


7 40. 82 
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FIGURE  IV -5 

CGSM  OUTPUT  - EXTERNAL  BOOSTER  SIZING 


BUJiTER  SIZING  OE Tilts  WEIGHTS 

PERFORMANCE 

PROP  ELL  ANT 

M • .<58 

THRUST  l 

11809.25 

CF 

1.54 

hehis 

384  .AT 

THRU  ST /WT 

14.41 

r J I A t MOTOR 

80C  .45 

DELTA  VI 

407. 153 

CF  VACUUM 

1.66 

--PAYtCAD 

6S6C.CO 

I TOTAL 

95551.T5 

BURN  T IMF 

0.65 

LAUNCH  WT 

3 76  C.38 

ISP  DEL 

229.736 

BURN  PATE 

3.13 

3JKN  OUT  WT 

7 3 M.A6 

ISP  VAC 

247.168 

PCRT /THROAT 

1.50 

J HEN  i IONS 

FRE  SSLRES 

MISCELLANEOUS 

ill  METER 

I9.3CC 

DESIGN 

I284.C0 

WMF 

0.  51S 

ur  CYL 

33.583 

chamber 

IC70.C0 

VOL  LCACING 

0.593 

LT  FWD  HEAD 

‘ .9  50 

AMBIENT 

If'.OO 

(I  TCTI/WT 

12.3 

L r NCZZLE 

< 3.656 

F>  IT 

n.00 

NCZ  CANT  ANG 

0 .0 

RIO  EXTN 

C.  C 

IJTAL  LT 

7 9. 189 

BREAKD 

CV.N  CF  CHAMBER  CESTGN 

MATE  F !AL, RENE 

41 

FORWARD  CYLINOE 

R AFT 

TOTAL 

WEIGH  IS 

- 

iTR  UCTURE 

I 2 • 1 3 A 

59.01 5 

8.99C 

eo.139 

IN  SUL  AT  ION 

3.087 

27. 360 

4.083 

34.529 

3QSS 

9.432 

C.O 

9.432 

IGN  ITER 

2.150 

2.  159 

SKIRTS 

16 ,C"0 

3.859 

19.859 

C6N  iTANTS 

c.o 

0.0 

0.0 

0.0 

TJUL  CHAMBER 

a;  .8ii 

86. 375 

16.932 

146.118 

PROPELLANT 

28.286 

373.7<r9 

13.866 

415.981 

NJZZIE  WEIGHT 

238.350 

TOTAL  WEIGHT 

71.C96 

A 60 • 1 A A 

30.798 

8C0.449 

THICKNESS 

INSULATION 

— - 



— - - 

VC 

C.C5000 

0 • C 9000 

0.09000 

RAX 

- 

O.CROOO 

0.09000 

CASE 

C. 10410 

0. 1 04 10 

0.10410 

ULTIMATE  CASE 

STRENGTH  -T53*tthf  YTftt"  CASE  STRENGTH  122108. 

TFE  MINIMUM  ALLOW  A 0 1 8 CASE 

THICKNESS  WAS  0.07000 
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SECTION  V 


USER  OPERATING  PROCEDURES 


1.  GENERAL 

This  section  defines  the  operating  procedures  necessary  for 
utilization  of  the  Concept  Generation  and  Screening  Model  The  CGSM 
source  deck  consists  of  more  than  28,000  cards.  To  facilitate  small  modi- 
fications  with  a minimum  of  recompilation,  it  is  recommended  that  the  load 
module  be  placed  on  a users'  library.  This  will  also  greatly  reduce  card 
handling  requirements  for  production  run  utilization.  All  figures  referenced 
in  this  section  are  added  at  the  end  of  the  text. 

1 . 1 CGSM  Compilation  and  Link  Edit  to  a Users'  Library 

The  IBM  System  360/65  will  compile  the  CGSM  in  approximately 
21  minutes  of  CPU  time.  Figure  V- 1 shows  the  typical  J CL  setup  required 
for  CGSM  compilation,  link  edit  and  placing  the  load  module  on  a private 
disk  pack.  A listing  of  the  OVERLAY  and  INSERT  cards  is  presented  in 
Figure  V-2.  If  the  CGSM  load  module  requires  subsequent  modification, 
only  the  subroutine (s)  that  were  changed  need  to  be  loaded  as  ’CGSM 
Fortran  Source  Decks.  " 


Link  overlay  is  used  in  the  CGSM  to  reduce  computer  core  stor- 
age requirements  at  execution  time.  A non-overlay  load  module  would  ex- 
ceed operational  core  limitations  on  the  DIAMS  IBM/360-65  computer  sub- 
system. The  link  overlay  module  including  I/O  buffers  is  limited  to  a 
region  less  than  320  kilobytes  storage. 

There  are  currently  12  nodes  in  the  CGSM  overlay  structure. 
These  nodes  separate  the  various  models  and  selected  functions  within  the 
models  into  43  segments.  Subroutines  and  labeled  COMMON  blocks  included 
in  each  segment  are  shown  in  Figure  V-2. 

1 . 2 File  Structure 

The  CGSM  uses  the  data  set  reference  numbers  defined  in  this 
section.  Data  set  reference  number  5 is  for  card  reader  input  to  the  pro- 
gram. The  file  is  defined  by  FT05F001  DD  *.  Data  set  reference  number 
6 is  for  printed  output.  The  file  is  defined  by  FT06F001  DD  SYSOUT  A. 
Data  set  reference  number  7 is  punched  card  output.  The  file  is  defined 
by  FT07F001  DD  SYSOUT  = B. 
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Data  set  reference  number  9 is  used  for  temporary  storage  of 
input  card  images  during  the  card  image  printout  step.  The  JCL  required 
to  create  the  data  set  at  execution  time  is  shown  on  Figure  V-3. 

Data  set  reference  number  11  is  for  direct  access  I/O  during 
program  execution.  The  FORTRAN  Define  File  statement  and  the  JCL 
required  to  create  the  data  set  at  execution  time  are  shown  in  Figure  V-3. 
File  11  is  a temporary  data  set  for  direct  access  input/output  of  basic 
table  data.  Structuring  of  that  scratch  disk  file  is  not  directly  available  to 
the  user. 


Data  set  reference  number  12  is  for  direct  access  I/O  during 
program  execution.  The  FORTRAN  Define  File  statement  and  the  JCL 
required  to  create  the  data  set  at  execution  times  are  shown  in  Figure  V-3. 
File  12  is  a temporary  direct  access  data  set  held  only  for  the  duration  of 
the  job  under  execution,  and  used  for  data  communication  between  the  CGSM 
generation  and  screening  links.  As  each  concept  is  generated,  its  sizing, 
design,  performance,  and  worth  details  are  stored  on  File  12.  Those  data 
are  then  recalled  when  required  for  screening  purposes.  The  length  of  File 
12  is  set  in  the  MAIN  module  of  the  CGSM  and  by  the  JCL  of  Figure  V-3. 

The  parameter  KSAVPL  should  be  set  in  the  MAIN  to  a desired  maximum 
number  of  concepts  to  be  generated  and  screened.  Each  concept  occupies 
one  record,  so  that  the  number  of  records  on  File  12  should  then  be  made 
to  agree  with  the  choice  of  KSAVPL. 

1 . 3 User's  Library 

The  JCL  shown  in  Figure  V- 1 defines  the  User's  Library  as  the 
partitioned  data  set  SYS1 . DS5CSE AA  on  the  private  disk  pack  VOL-SER  = 
RIPTIDE.  The  CGSM  load  module  is  stored  under  the  member  name 
CMCGSM. 

1.4  CGSM  Execution 


Figure  V-4  defines  a typical  IBM  System  360/65  JCL  and  deck 
setup  required  for  executing  a CGSM  load  module  resident  on  a user's 
library.  Card  input  only  is  used,  while  output  may  be  printed  or  punched 
on  cards. 
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FIGURE  V-l 


CGSM  COMPILATION  AND  LINK  EDIT  TO 
A USER'S  LIBRARY 


//HJ2JU  JIB  l C295.  3B  . . • » . f »65»F  03-00.01  .LUCjJIO)  ±.  ■ - - - * 

//  R IP T l OL > 1 Sol L VE  L = 1 

//ST  c P 1 jj JEC  ymRTHBL.^A^.-UFJ^  T = M J.MDMAP'. 

//  R EGIOM  *R<JR  T« JQOR ♦ X 

//  P A,JLLKtJ=  *U'»L  Y.Lt  T.-1AP  ,Ll  ST  , SI  ZE  = (200K.OUK)  ' , X 


//FORT.SYSL  IN  DO  SRRCt*4C YL  » (35, 1 I I 

■C,  //FORT.SYSIN  DD  DSN-CGSMl  .UNI  T = SYST9»V0l«SER«002923  . X 

^f^Oc//  DCB»(DEN«2*BUFNO=1.RECFM=FB.LRECL*80.BLKS1ZE-32000) * X 

^V'5  //  OISP«(OLD,KEEP)  .label«(  .blp> 


^ //FORT.SYSIN  00 * PUT  FORTRAN  SOURCE  DECKS  AFTER  THIS 

(90URCE  CARDS) 


//LKEO.SYSLMUD  DO  DSN  =S  Y S I .OSSC  S£  A A , UNI  T*23  1 <♦  . VUL*  SE  R=Kl  PTD  E , DI  S P=  GL  D,  v 

.//  ...  , $PACE*(CYL  , ( J> , 5 I ) 

//lkco.sys in  uq *_  * 

INCLUDE  SYSLHOD ICMCGSR* 

(OVERLAY/INSERT  CARDS  ) ) 

ENTAV  RAIN  \ 

RARE  CRCGSN (R»  \ 

/*  \ 

FOR  UPDATES  ONLY 
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r 
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FIGURE  V-2 

OVERLAY/INSERT  SPECIFICATION  CARDS 

OVERLAY  ALPHA 

INSFRT  snPTO.LEVO.LEVELl 

OVERLAY  ALPHA 

'INSERT  TBAS IC  .HCPD1  1 ,WBASI C ,*R I T3X , URAT 3 

INSERT  SETUPl,SFUiP3,V.PTl 

INSFpT  NFMhTH.VALOEC 

' INSERT  OAT  A 7 ,TFI 102 

INSERT  INVPT 

INSERT  PJI  N P T 

IN  SEPT  INCH ST 

INSERT  CL AZA 

OVERLAY  ftLPHA^ 

Insert' prqtc 

INSERT  EXPO AT 

OVERLAY  ALPHA 

INSERT  SUPPO 

INSERT  CCIM  T 

INSERT"  theta 

""insert  CHECK, GUESS 

INSERT  I SEN tTLUl  fTLL2 

INSPRT  FASTF  j_1  I N E_,  B l I K E 

INSERT  bTHGET.PACHAC  ,EGA»£R 

INSERT  EUNOVR 

INSERT  E SCILC 

TnSFRT  RK3LK 

OVER  l AY  J3FJT  A 

_ INSERT  PAYLCC 

I N SF  P T YNGSF  

INSFRT  SKNWT 

INSERT  AEP0t>T,SURE 

I N S F of  PACKER  

INSERT  r.QSTWT 

INSFRT  CCST 

INSERT  AAir.  ST.GUCEST  ,CTC.CST 

INSFRT  WHCOST 

INSER  T PEBCST 

I N SF  R T P c rc  S T , P L R C S T , P~T  JC  S T , F I o C S T , F N R C S T 
INSERT  V.CRTH 
3 V F R L A Y BETA 

INSERT  AON 
INSERT  AFR^CD 

INSFRT  BlKC.hl C£ , X Y l 

INSFRT  XXX, XXXXX  

INSERT  APINDX.TWY.ThX, TWL.SUPL  IF 
INSERT  SUMOUT,SAVTI*»  ,FIXUP,E  (X  • K I V 

OVERLAY  GAMMA " 

INSERT  Bl TGFC .WRTfUT 

overlay  gam^a 

I N S E P T D R A G t E L T C « E P C T N 
INSFRT  BCOSTC 
INSERT  III 
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FIGURE  V -2  (Cont'd.  ) 


INSERT  LIFT 
INSERT  A A 


OVERLAY  XI 

INSFRT 

INLIEX 

INSERT 

L I F T 1 ,L  IFT2 

OVFRLAY  XI 

INSERT 

LIFTO  fLI  F T<, 

OVERLAY  XI 

INSERT  LI F T 5 

INSERT  BOYLPR  . EPCRM  ,CL  INF 

°VERLAY  6 F T A 

INSERT  PSM 

INSERT  R A T L S ' 

OVERLAY  KAPPA 
INSERT  FASTS 

OVERLAY  CREGA  

INSERT  SOLROC _ 

INSERT  SQL SV,CCF>P.PIASCL 

INSERT  TftBSET 

overlay  ehpga 

INSERT  EOCLIC«RCC l X , RC CL 

INSERT  TARSFX  

overlay  kappa 

INSERT  PROP  X X 

INSERT  PRQPPJ 

I N S t:  o T NCZjx_  __  

INSERT  SUSMAStFRB  P AK 

INSERT  ZFLSPR.ZCVLLL  , ZC Y LH E , ZCCNEh  , Z S PR  L 1 , Z E L PL L 

INSERT  ZFLPSStZSPRSS 

INSERT  SURVntEXTRJ 

INSERT  NPZMP.EXChT 

INSERT  CCDEPJ.A RR A Y 

OVERLAY  DELTA 

INSERT  BEXEC 

INSERT  E XBCCI 

INSERT  SOUCEP 

INSERT  CURVE  tCURVIC 

OVERLAY  OELTA 

INSERT  BOOST  __ 

INSERT  RAMNOZ~t  AKACH 

OVERLAY  delta 

insert  inletp 

OVERLAY  DELTA 

INSFRT  R JOES  ,AM?x  ,E ARGET 

INSFRT  OPQES,EXRAPtPJWT 

OVFRLAY  OELTA  

INSERT  XALPHA 

INSERT  SURVEY 

INSERT  XNL 

overlay  psi 

INSERT  PROPj" 

OVERLAY  PSI  

INSERT  INLIFT 

OVERLAY  ETA 
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FIGURE  V -2  (Cont'd. ) 

..QyLU^.L.lA 

INSERT  LXFT2 

OVERLAY  ETA 

INSFRT  LXFT3 

OVFRLAY  KAP PA 

INSERT  TURBO 

INSERT  INLET  

_0  VFRLAY  ZFTA 

INSERT  NATE, STORE! , S TCPE2 

INSERT  INLFXP  

INSERT  BLKTJ.BLKTX 

OVFRLAY  ZET& ' 

INSFRT  VEHPER 

INSERT  STDA TA 

INSERT  OE  R I V .MAINS 

INSERT  A I R 1 ~ 

INSERT  USL I NE  .RUN G EK , S L I N E , T FR  C P 

INSFRT  XALPH1 

INSERT  XAL  PH  2 

INSERT  PLTPUT  ,E R R CUT  _ 

INSERT  CIBLK.AIffeiK ~~ 

IN  S E R T ~R C D B L K . PI B L K , I F BL  K . PSPLK  , IPS  eLK 

INSERT  CPLK.CUTiUK 

OVERLAY  NL 

INSERT  PROP  if  

OVERLAY  NU 

INSERT  T JPE  R __  _ 

INSFRT  GE  NE  NG  . E NGB A L , ERPCX ♦ CUE  SX 

INSERT  TH  F R WC  . PQCCCN , FAR AQC  _ 

INSERT  PCI  NT,  LCCPPB 

INSERT  FRER  . TrpptC  

TNSEP T THCQMP  .SEARCH  .AFCU I P 

]_NS  F_RT  THT  u R P_,_M  A P BAC  

overlay  tau 

INSERT  PUTIN, z ERC.CCINLT, RAN, RAM2, ATMOS 

OVERLAY  TAU  

INSERT  MATR I X .PERFF .CUTPAT .FPASFC  ~ 

INSFRT  CONOUT 

OVERLAY  tau 

INSERT  CCFAN  ,F  AN  

OVERLAY  TAU 

INSFRT  CCCCMP 

OVERLAY  TAU ' 

INSFPT  COCO"e,CCNP 
OVERLAY  TAU 

INSERT  CCLPTB.LTURB 
OVERLAY  TAU 

INSFRT  FRTOSC.FASTBK 
OVERLAY  TAU 

INSERT  C CM  I X 
OVERLAY  TAU 

INSERT  CCAFBN.ET  AAB  

OVFRLAY  TAU 

NSFRT  CCMNCZ 

NSFRT  CONVRG  ~ 
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FIGURE  V -3 

CGSM  FILE  DEFINITION 
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■ »]  »■  tOtt*  ■TiM  H J3 13 

X 

// 

DCB  = 1 ,RECFM=FB  ,LRECL=80»BLK SIZE* 1600) , 

X 

// 

SPACE=(CYL, (3,1 ) ) 

DEFINE  FILE  11(160, 175,  U,  JD11) 


rmnii.Mi 

■HHHLl 

// 

X 

// 

ClSP=(NfcW»PA$S)»$PACE=( 700, (160,10) ) 

DEFINE  FILE  12(500,  300,  U,  JDI2) 


WMA  aiW'IW 

u 

// 

0CB= ( ,BUFN0=1 ,DSORG=DA,OPTCD*C,RECFM=FT  ) , 

X 

// 

M 1 mil  T 

FIGURE  V-4 

CGSM  EXECUTION  JOB  CON1ROL  LANGUAGE 


//HJ0003  JOB  (0295, 5A3B, ,,,,2. ,65,F03-C001 ,UNC,03)  , X 

// RIPTIDE, HSGIEVEL-1  

/ /JQBLte  CD  CSN«SYSi.bS5CSEAA,UNI T*23lA,V0L«SER«RI PTDE,DISP»  (SHR  ,PASS  I 


//CGSM  EXEC  PGM«CMCGSM,REGI0N=320K, TIME-60 
//SYSUDUMP  00  SYSOUT-A 

/ / FT  1 2 E CO  1 00  OSNAME-CCIOGI2,UNI T-SYSOA,  X 
//  0CB*( ,BUFNQ-l,OSORG-OA,OPTCO«C,RECFM»FT \ , X 
//  OISP»(NEM«PASS) ,SPACE*( 1200, ( 500, 10» ) 

//FT  1 1FC01  DO  OSNAME-6 CLOG  1 1 ,UNI T-SYSD A , X 
//  DC  E * ( ,BI'FN0-1,DS0RG*DA,0PTC0«C,RECFM-FT)  , X 
//  OISP-(NEW,PASS»,SPACE«(700,(  160,101 ) 

//G0.FTC9F001  DO  DSN-C CLG C5 , UN  I T- S YSDA , D I SP * ( NEW , PA S S ) , X 
//  CCS* I ,RECFM*FB, LRECL-80,BLK$12E«1600)  , X 
//  SPACE-ICYL, (3, I) ) 

//FTUSFtffl  MTySOUT-A 
/ /FT  07FC01  CC  SYSOUT-2 
/ / FT  0 5F  CO  1 CC  * 
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SECTION  VII 


SAMPLE  PROBLEM 

1.  GENERAL 

This  section  presents  a sample  CGSM  problem  selected  to  illus- 
trate the  use  of  the  model,  familiarize  the  user  with  output  formatting, 
and  serve  as  a reference  run  for  future  checkout  of  the  CGSM.  A single 
concept  is  generated  and  "screened"  using  the  following  configuration 
options: 

Nose  Shape  - Von  Karman 
Wing  - Planar 

Tail  - Planar 

Boattail  - Yes 

Booster  - Dual  External 

Sustainer  - Solid  Rocket 

Inlet  - None 

Optional  detailed  output  data  were  requested  for  the  single  missile  concept. 
All  tables  and  data  lists  referenced  in  the  card  input  deck  are  printed  out 
in  their  entirety  to  show  default  as  well  as  input  values.  A card  image 
listing  of  the  input  deck  is  output  as  the  first  step  of  CGSM  execution. 

The  CGSM  output  listing  is  presented  as  Figure  VII-1. 
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RELATIVE  COST  BREAKDOWN  - DEVELOPMENT 
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